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INTRODUCT ION 
Much has been written in recent years about the critical nature of man's 
continuing impact on the environment. This report will not elaborate on this 
except to say that we are in agreement as to the critical importance of the 
environmental problem, on the need for more environmental research, and on the 
importance of this study, especially as a landmark effort by both the 
industrial and scientific community to pool their resources in attacking a 
problem of vital concern to all. 
As conceived, the present study at Anclote River and Anchorage is unique 
in its scope and depth of coverage and will contribute considerably to our 
knowledge of that environment and the effects of power plant construction and 
operation upon it. We have set the following as the ultimate objectives of 
the Anclote study: 
a) G0describe in detail the environment at Anclote before power plant 
operations, by periodic or continuous monitoring and sampling of chemical, 
physical, and biological information; 
C b) understand as much as possible about the dynamics and structural 
characteristics of the Anclote environment; 
c) (j apply pre-construction environmental survey information to power plant 
effluent facility design so as to minimize the environmental impact of plant 
construction and operation; 
d L evaluate the impact on the marine environment of power plant construction 
and operation by continued monitoring after the plant is in operation; 
e)G'provide guidelines for future power plant construction as it pertains 
to the marine environment. 
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A comprehensive environmental study involves lengthy and complex research 
and this report presents results which are preliminary in nature. The sampling 
period was limited to the fall (September-November) of 1970 in an area which 
shows marked seasonality. The results however represent a considerable body of 
information on the Anclote environment and valuable conclusions can be drawn 
from them. 
Included in the reports of each sub-discipline which follow are comments on 
future objectives, especially those for the coming year. There are several ob-
jectives which are more integrative in concept and can conveniently be listed 
here. These include: 
a) development of a computer data retrieval system for processing data from 
all sources; 
b) application and development of computer techniques for data analysis 
both within and among the sub-disciplines; 
c) .the continual development of sampling strategy across diSCipline lines -. 
including synopticity in data collection; 
d) quantification and standardization of sampling and recording procedures; 
e) provision of further background concerning historical changes in the 
Anclote marine environment by interviews with long time residents. 
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Results of individual surveys 
A. GEOLOGICAL 
3 
SEA-SURFACE TRANSMISSIVITY RECONNAISSANCE 
The determination of the characteristic optical qualities of water present 
in an environmental situation is essential to understanding the sedimentology 
and biologic primary productivity cycles present. 
In this reconnaissance study, continuous measurements of the attenuation 
of which light were recorded in an attempt to determine the distribution of 
turbidity in the Anclote River a r ea, to help determine patterns of currents 
and river discharge, and to determine guidelines for future research on sus-
pended sediments. The reconnaissance has served i ts purpose within the scope 
intended--that of equipment evaluation and the establishment of a few gross 
trends. 
A Hydro Pr oducts one -meter transmissometer, coupled to a Rustrak con t inuous 
recorder, was used in all measurements. The transmissometer was towed through 
the water at speeds approaching four to five knots in order to obtai.n continuous 
profiles of light transmissivity near the sea surface. The percent trans-
missivity of wh-i.te light over a one meter path was recorded on a strip chart 
every four seconds during these transects . The efficiency of such a system is 
obvious when one compares it to other procedures which necessitate stopping for 
stations and require discontinuous, time-consuming readings. The instrumental 
error, according to the manufacturers, is about 3% of the recorded value which 
is inconsequential. However, errors due to acceleration of the recording equip-
ment mounted in a small craft exposed to "choppy" seas can be considerable and 
were avoided when possible. 
The transects made on October 31 and November 7, 1970 yield considerable 
information on the Anclote Anchorage-Anclote River system. (A run was also made 
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in the Gulf of Mexico west of Anclote Key.) The values obtained for the percent 
transmissivity per meter (1.T/m) were recorded on a base map and contoured in 
an attempt to establish a graphical representation of the variance in values 
observed. Forty-one water samples were also taken during the transmissometer 
runs and were analyzed for total weight of particulate matter and plotted versus 
the transmissivity at the corresponding position (Fig. 4A) in an attempt to 
determine a gross relationship between the tripton* and the degree of light 
attenuation present. 
The transmissivity values recorded ranged from 010 to 391. Tim during the 
two surveys. According to a graph distributed by Hydro Products, this corr-
sponds to a probable visibility by the human eye of 0 to 4.3 meters. When 
plotted on the base charts. some of the distributive patterns are suggested, 
notably the plume of the Anclote River and the approximately north-south long-
shore drift. (Fig. lA-3A) It should be noted that correlation of values over 
a large area such as this is complicated due to the large variance, during the 
survey time period, of tide, wind, and sea state conditions. (Transmissivity 
was observed to vary as much as ten percent at a position during a five-hour 
period due primarily to change in wind condition.) A shift in the Anclote 
River plume could conceivably change the area's characteristic from maximum to 
minimum transmissivity within a few hours. 
The highest transmissivity values usually occur in the nothern sector of 
Anclote Anchorage in the vicinity of marker B, and the lowest values are 
characteristic of the river plume. In the latter, there is a suggestion of 
flocculation of particulate matter during the mixing of river and Gulf water 
(see areal plot. line 2, November 7, 1970, Fig. 3A). When future studies are 
made under specific conditions a more detailed picture should emerge. 
* non-living suspended matter 
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The plot of part iculate weight versus %T /m (Fig.4A) shows a large amount 
of scatter. There were apparently some excessive errors introduced during the 
acquisition of two samples at each station, as there were differences approach-
ing 50% in the weight (mg/l) in some analyses from the same station. This can 
probably be alleviated to a large degree by a decrease in velocity of the sampler 
at the time of sampling, by obtaining samples closer to the mouth of the trans-
missometer and by correcting for absorption by coloring matter in the water. 
Despite these discrepancies a few important points can be made: concentrations 
of particulate matter greater than about 10-15mg/1 result in an extreme drop in 
transmissivity values. Samples from the Anclote River and its associated plume 
almost invariably contain particulate matter in excess of 5 mg/l as did the 
majority of the samples between 3 and 20% Tim. However, the transmissivity of 
the river samples range from 0% to 6% Tim while samples from other areas usually 
ranged from 5% to 20% TIm. Th is suggests a gross difference in the absorpt i.ve 
andlor scatteri.ng medi.um in the two regi.mes. 
The range of values obtained correspond to those obtained in a similar study 
made in Tampa Bay during 1970 with the same i.nstrument; that is, the values 
ranged from 0% to 40% Tim. Whitney (1970) and Griffin (1970) found the following 
typi.cal readi.ngs (% TIm) in the Tampa Bay system: Hillsborough Bay. 0-2%; Old 
Tampa Bay, approximately 10%; lower Tampa Bay, 20-30%. In all cases trans-
missivity was lower near shoals. recently filled areas and tidal passes. When 
one considers that approximately one percent of noon sunli.ght is thought to be 
the minimum requirement for sufficient photosynthesis for growth of green plants, 
the implications of transmissivity measurements in relation to primary pro-
ductivity evaluations in the ecosystem become obvious. In areas where trans-
missivity falls below 2% to 3% Tim, the euphotic zone is within a few meters of 
the surface. This is in contrast to waters in the Straits of Florida where TIm 
6 
as high as 80% has been measured with this instrument and primary productivity 
can occur at depths approaching 60 or 70 meters. 
Geologically, detailed transmissivity measurements provide a tool for 
evaluating the competency of sediment distributive currents, the relative 
magnitude of influx of new sediment from varying sources and same indirect and 
direct evidence of the magnitude of sediment re-suspension occurring under 
varying conditions, along with an evaluation of the stability effect of various 
bottom lithologies and biological communities. 
SPECIFIC RECOMMENDATIONS FOR FUTURE SURVEYS 
1. Although a transmissometer with a one meter light path can provide 
valuable data in estuarine studies, it is better suited to open ocean surveys. 
In areas where high turbidity is encountered a shorter light path is required. 
Further studies in the Anclote River area will employ a transmissometer with 
interchangeable 1 meter and 10 cm. path lengths so that more precise measure-
mentscan be made in the Anclote River as well as the Anclote Anchorage and 
Gulf of Mexico west of Anclote Key. 
2. Such a unit should be fitted with light filters of various wave lengths 
in order to investigate the relative importance of coloring agents (e.g., in 
mangrove areas) and particulate matter in determining measured light attenuation. 
3. Further surveys are required in which profiles are closer spaced, in 
smaller areas, under more uniform wind and tide conditions. Also needed are 
profiles of turbidity versus depth and continuous measurements of turbidity 
at one site over a tidal cycle. 
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B. PHYSICAL 
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HYDROGRAPHIC MEASUREMENTS 
The physical measurements of salinity, temperature, and current speed 
and direction made in the region of the Anclote River estuary were found to 
be highly dependent upon tidal conditions and bathymetry. A tidal phase lag 
occurring in the river is a significant factor in causing northward flow 
through the north river channel culminating at marker "3" in Anclote Anchor-
age. The predominant flow found in the narrows (west of "3") of the Anchor-
-----age was found to be toward the north. 
STD (salinity, temperature, depth) measurements were taken with a CM2 
unit in the Anclote River and Anchorage on three separate days in the late 
summer and early fall, while current measurements were postponed until the 
arrival of a TSK (Type 2) self-contained current meter in November. These 
measurements were taken as part of a general survey of the region providing 
background data for a numerical model and also in support of the other dis-
ciplines involved in the study. The data point locations were designated to 
provide autumn information on the proposed power plant intake and discharge 
regions as well as the general circulation in the Anchorage. The STD data 
is discussed in chronological order. 
Salinity, Temperature, and Depth 
Salinity, temperature, and depth measurements were ~aken August 28, 
September l6,and October 3, 1970, in the Anclote Rover estuary and Anclote 
Anchorage at locations shown on Figures lB, 2B, and 3B. Data can be found in 
Appendix lB. 
The river data displayed marked day-to-day similarities, since all the 
river measurements were taken during early ebb tide. The temperatures were 
-... 
10 
horizontally homogeneous down the river axis with less than 10C tempe~ature 
,.--
variation from surface to bottom. On the other hand, the salinities were 
... 
nearly homogeneous vertically with strong upstream salinity gradients. Figures 
4B and 5B for October 3 illustrate the above conditions. These facts imply that 
on these days very little temperature difference occurred between the river and 
gulf water, and solar heating and bathymetry were important factors in the 
distribution of temperature. 
STD measurements were also taken in the vIcinity of the proposed thermal 
discharge spillway on Septe-oer 16 and October 3 (Figures 2B and 3B). The 
effects of solar radiation were best noted on September 16, Which was sunny 
and calm. The inshore Stations 1-4 (less than 6 ft. depth) had surface tempera-
tures of 29.00 C While that of Station 5 was 26.loC in deeper water (8-10 ft. 
depth). The interesting thing is that at Stations 6-9 the temperature had 
dropped consistently to 26.loC some 40 to 75 minutes later than Station 4, Which 
they surround. Th is imp lies that off shore wa ter had pushed into the sha llows 
during this time interval at a time later than the predicted slack water at 1259 
hours for 280 10' N. and 82 0 50' w. (C. & G.S., 1970)*. Thus, a tidal phase lag 
must have occurred in order for the water to have continued to flood from outside 
Station 4 to inside Station 3 between 1302 (Station 4) and about 1353 (Station 7) 
hours. 'nlese data illustrate the extreme importance of synopticity In transient 
hydrographic measurements. 
The last STD run for this reporting period occurred on Sunday, October 3, 
1970, from 1050 to 1600 hours. The morning was caUn and clear. At Station 1 
a westerly wind of about twelve knots started at about 1130 hours and continued 
through the day. 
* See page 123 
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The salinity and temperature measurements were divided into two distinct 
segments. First, a transect originating at marker "6" in mid-anchorage and 
ending at Union Tower (as indicated in Figure 3B) was run with data points 2 
through 6. A perpendicular transect was then run from marker "3" including 
data points 7 through 10. The second segment was a river run originating at 
up-river marker "G43" and ending at the stilt house between markers "II" and 
"13". This segment has already been discussed. 
The Anchorage data (Appendix lB) sho~everal interesting 
---------------- ) 
trends. First, 
although the salinity of the 
.-- ra 
(32.6 - 32.80/00). the water 
deeper (6-~.) water was f;.!.:2:y hO!!Q&!!.neous 
at Stations 2. 3, and 7 had relatively lower 
salinities on the surface indicating that they were closer to a fresh water 
source than the other stations (except near-shore Station 6). These same 
stations also showed a larger variation in..,-tem erat.ure- with de tho A compari-
,...... 
son of surface temperatures with those found in the river further indicates a 
source of river water was nearest St.at ions 2, 3, and 7. The north 'river channel 
emptying into the Anchorage at marker "3" is the most likely candidate for the 
fresh water source i n view of the early flood current measurements shown in 
Figures 8 and 9 and described in detail in the next section of this report. 
Currents 
Water current measurements were taken in the Anclote Anchorage on 
November 1, November 15, and November 22, 1970. On the first and third days 
there were light winds, while on the second there were winds estimated at 
20 - 25 Kts. from the northwest. Since the neasurements of November 22 were 
--
by far the most synoptic taken to date, they will be discussed first, 
representing current patterns during calm wind conditions. Then the data 
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from November 15 will be contrasted against it. The data from November 1 
will not be presented since it parallels that of November 22. 
Table 1. Anclote current survey No.3 (C.& G.S., 1970) 
~: November 22, 1970 
Times of Measurements: Begin 
End 
0820 
1649 
Tidal Currents: Slack Water Time Max. Time 
Winds: 
---
Skies: 
0705 
. 1335 
1923 
1002 
1632 
2226 
From 1500 - 2300 at 2 - 3 Kts. 
Fair 
Current measurements on November 22 were conducted from four boats in· 
order to achieve synoptic measurements in the Anclote Anchorage region. The 
circuit for each boat required two hours and was completed four times during 
the eight hour and twenty-nine minute period of study. This included a tidal 
ebb maximum~ a null, and a tidal flood maximum as shown in Table 1. Wind 
conditions were light and can be considered to have had a negligible effect 
on current flow. Meteorological and predicted tidal data (C. & G.S., 1970) 
are presented in Table 1. 
The data was broken into four time intervals corresponding to the circuit 
coverage for the boats as follows: 
Period I: 0920 t 1 hour. A period of strong ebb which included the 
indicated maximum current calculated by USCGS to occur at 
latitude 280 10', longitude 82 0 50' (1/4 mi. S.E. of MKR. 
"7X") at 1002. 
Period II: 1129 T 1 hour. A period of ebb. 
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Period III: 1345 ± 1 hour. A period of null ebb switching to flood. 
Period IV: 1540 ± 1 hour. A period of flood including a maximum 
occurring at 1632. 
Representations of the current velocities measured on each of these circuits 
are illustrated in Figures 6B through 9B respectively. The currents appear as 
vectors whose length is proportional to the magnitude with true direction as 
shown. The measurements were made with current vanes (modified current 
crosses) constructed at the Marine Science Institute and calibrated with a 
self-contained current meter (TSK Type 2) and a current pole. 
The maximum ebb period (Figure 6B) showed strong ebb currents both north 
and south of the Anclote Key complex, with a major divi.sion in the current 
occurring at about marker "6" in the north. Stations 11 and 26 indicate that 
the upper portion of the Anchorage was being emptied by the deep channel just 
north of the Anclote Key complex while 12, 13, and 14 indicate the southern 
portion drained along a southerly path to Station 22 where it turned on a more 
westerly course. The northern drainage vector is larger, corresponding to the 
larger basin it must empty. It is significant to note that at Station 15 a 
southeasterly flow which might seem to be a possible recirculation path for 
thermal effluent of the proposed power plant was diverted strongly to the 
west at or before Station 16. Also of interest was the strong i.nfluence of 
bathymetry evidenced by Stations 26 and especially 24, indicating the strongest 
flow occurred in the deeper water of the narrow channels. 
During the slowing ebb period (Figure 7B) flow at Station LA slowed 
considerably, but the flow to the south at Stations 21A and 22A was still 
strong. Station 16A datum indicates the river current was also unchanged. 
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Notice also that currents at Stations l3A, l4A, and l5A had by then turned 
to the west. These events denote a tidal phase lag in the flow from the 
Anclote River as compared to the phase in Anc10te Anchorage. 
Near slack water (Figure SB) the velocities sharply contrasted with ebb 
velocities at Stations l2B and l3B. These measurements were taken late in 
the sampling period, thus, falling well into the flood cycle. They were of 
far larger magnitude than the full ebb readings at these points. The Station 
l4B measurement was taken just at predicted tidal change and indicated that a 
large northerly current was already flowing. Station 2A was off in the 
shallows and did not depict the true magnitude expected in the deeper channel. 
At full flood tide (Figure 9B) Stations lSC, 19C, 22C, and 23C had 
currents to the north of more than twice the magnitude of ebb readings despite 
the fact that the flood currents forecasted by C. & G.S., 1970, were 30% 
smaller than ebb. Measurements at Stations 13C and 14C suggested that the 
current separation existing during ebb at marker "6" did not as strongly affect 
flood tide, and the water passing in from the south was the main source of 
water for the entire Anchorage. At Stations 22C and 23C the vectors indicate 
that the water flooding the river may have come from the flats to the south-
east, but Stations 24C and 25C manifest the increasing effects of shallow bathymetry 
in turning the water northward. A comparison of vectors at Stations l5C and 
l6C implies that the south river channel carried nearly all of the river flow 
during flood tide. 
Table 2. Anclote current survey No.2 
~: November 15, 1970 
Times of Measurements: Begin OS5l 
End 1057 
15 
Tidal Currents: 
Winds: 
Skies: 
Slack Water Time 
0741 
1353 
0850 - 0950 NNW 
1020 - 1100 NW 
Overcast 
Max. Time 
1038 
10 - 15 Kts. 
20 - 25 Kts. 
Current Vel. (Kts.) 
0.7 F 
During the survey of November 15 the currents in the northern part of 
Anclote Anchorage and those 1.n the channel north of North Anc10te Key were 
studied during a flood tide. Environmental conditions are listed In Table 2. 
It could be seen from the velocity vectors of Figure lOB that on a flood 
tide there were strong eastward flowing currents in the deeper section and in 
the channel but only feeble currents in the shallower areas. 
A study of the currents during an ebb flow was prevented by inclement 
weather. The strong NW winds provided a larger southward component to the 
flow than has been seen during flood tide on calm days (Figure 9B). The 
magnitude of flow through the north channel (Station 4) was much larger than 
on November 22. This was expected since the predicted maximum flood current 
speeds were 0.4 and 0.7 knots for November 22 and November 15 respectively 
(at 280 10' N., 82 0 50' W.). 
Conclusions 
.. 1- Tides are the predominant motive force involved in the hydrodynamics of 
, 
.-
Ithe Anclote River estuary with winds playing a secondary role. The distri-butions of temperature and salinity are greatly affected by tidal currents, 
'with solar radiation modifying temperature distributions in the shallows as 
' well as in the top layer of water during the summer. Measured water tempera-
tures ranged from 25.2°C (77.4Dr) on September 16 to 30.60 C (87.10 F) on 
August 28. Measured water salinities ranged from 15.6% 0 on August 28 to 
16 
o 33.8 100 on September 16. The high temperature-low salinity readings are 
from surface river measurements, while the low temperature-high sa linity 
readings are from. the deeper waters of the Anchorage. All of these pre-
liminary measurements were taken near mid-day under sunny skies. 
The hydraulics of the Anclote River and Achorage inferred from the time 
sequenced tidal patterns are as follows: 
1. The Anchorage empties on ebb from two channels: the channel north 
of North Anclote Key for most of the water north of a line drawn 
through marker "6" and "Bailey's Bluff," and the channels south of 
Anclote Key for water south of the above line. 
2. Tidal change occurs first in the north channel and then in the south 
channel (note Stations 1 and lA versus 21 and 2lA) due to the phase 
lag of the Anclote River flow. 
3. On flood an overall flow to the north occurs which predominates over 
the ebb flow to the south by about a factor of at least two along the 
transect of 12, 13, 14, and 15. This agrees with the fact that the 
flow separates at marker "6" on ebb but is dominated by south channel 
flow on flood. 
4. In the very shallow regions flow is relatively weak while the strong 
currents in deeper water generally conform to the bathymetric contours. 
5. Strong northerly winds reverse the net northward tidal current flow 
west of marker "3" to a net southward flow. 
Future Objectives 
1. Install a permanent hydrographic station near Anclote lab facility to 
17 
monitor automatically water temperature and tide. This would be the 
reference station for all Anclote bydrographic data. 
2. Install a weather station at Anclote to monitor wind speed, direction, 
rainfall, relative humidity, and air temperature. 
3. Install a pyrheliometer to measure total irradiance at Anclote. 
4. To monitor water temperature at semi-permanent recording stations 
especially near proposed intake and effluent channels. 
5. To continue synoptic STD and current pattern measurements over all 
seasons and weather conditions. 
6. To use fluorescent dye to trace water movements and estimate eddy 
diffusion coefficients in Anclote Anchorage. 
7. To use all of these physical parameters to develop a hydrographic 
model of the Anclote estuary. 
18 
52 ' 
12 
~ ... / ........  
....... 
.............. 
:(~:. 
.......... . . ............ . 
.......... 
..... . ......... ~ 
50' 
......... .. ::.',':::.\ 
.. : .... 
.................. 
, 
. ....... ~ 
.. "e" 
50' 
r-"'- ·"'\ 
\ Spoil \ 
\ \ 
'42' ----J 
"I" 
-,6 4 
"2', . li l A:' ..... 
-
....... .: 
3 
~ 
, 
..... : .... 
.... 
Bird Ke y..:::::, 
Rabb i! Key 
r-, 
I I 
LI~~~~ 
..... .::::.:::::: 
48 ' 
ANCLOTE 
8-28 - 70 
0- Sta tion numb er 
STD RUN No.O 
12 I 
/' 
f 
\ , 
\ 
I 
i 
\ 
\ 
\ 
\ 
" 
) 
/ 
, 
"./ 
\ 
\ 
, 
; 
! 
I 
\ 
\. 
\" 
; } 
.I 
/ 
5 ' 
52 i 
t 
\ 
./ 
ANCLOTE ! KEYS 
i 
, 
.... 
i 
/ 
\ 
J 
.. _ ...... 
..... 
\ 
; 
I 
3 
.' .... 
. \ 
\ \ 
,,/ 
... / .... 
\ .... 
..... ~.~. 
.... 
... 
; .' 
6 
..-' 50' 
.--
......... 
.......... 
./"" 
,.,' 
. \. "6" . 
\ ./ ..... ) 
\""~~"'''''''''~: .... '''' 
....•. 
: ......... .. 
\ 
'. 
\~r .... 
"g" • r----'\ 
\ Spoil \ 
- "ff' 
\ ... -j 
"42'--
" . " . (' .. -_ .. .. \ 
39 ... 40 \ Spoil \ 
\ ... __ ...J 
50' / i 
4 ........ . 
", ... 
6 
, 
. ...... \ 
\ 
5 
.......... 
,.. ........ . 
/)4 
i 
06 \ 
i 
..... / 
........... 
... ... ......... \ ................ . 
...... ~. ........ c:l~ ....... . 
. .......... ; 
... / 08 
.... 
Rabbit Koy ~ 
r, 
I I 
I :=:=:~ __ 
LJ -~~.:::::: 
A8' 
.............. 
1 Mil • 
FIGURE 28. 
ANCLOTE STO RUN No. 2 
9-16-70 
o . Station number 
46 
12' 
,"'\. 
\. \. 
12 
\ 
52( 
/:' 
/ 
! 
•. .... 
~ ..... 
~/ 
... C .. 
.: North 
~.~ C IOle Key 
..... ~ ...... . 
............... .; .. 
:.::::.,: 
" off' 
50' 
"I" 
• 
''2:'4 "2A:' ...... . 
• 
......... 
.... 
\ 
; ..•. "" <J . 
o 2 
.... .. 
0 
3 
0 
0 7 
......... 
........... 
:::.:::.::: 
;';'; 
0 9 
0 4 
.I 
Robbit Key 
rl 
I I 
1 1' '''-L j - ::::~ 
0:::.::::: 
48' 
FIGURE 38.1 Mile 
ANCLOTE 
10-3-70 
STD 
0: Station number 
NO. 3 
12' 
FIGURE 48. 
ANCLOTE RIVER TEMPERATURES OF OCTOBER 3,1970. 
o r-----------------------------------------------------------------~ 
2 
~--28. 0 ----------~----
1 _________ ------------------2~5 
10+-
I MILE 
FIGURE 58. 
ANCLOTE RIVER SALINITIES OF OCTOBER 3, 1970. 
o r-----~----Jr--------~~------------------~--------~----------~ 
2 
1=4 
w 
W 
LL.. 
~6 
::t: 
~ 
0-
w 08 
10 
28.0 
29.0 
Ij 31.5 
12~~~~--~ __ ~ __ ~ __ ~ __ ~ __ _L __ _L __ ~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~_L~ 
G43 R36 G29 GI7 
IMILE 
:" )\ 
.... ) 
12 
C'\ 
\ \ , 
.... ••• • 1 
.............. 
" : 
.......... 
i 
---
"'~ .. " ....... . 
...... --... ~ ...... . 
,/ 
50' 
\ 
+-€l 
7 
"6" 
.... , . 
\ 
................... 
................ . 
,..fo13 
r 
/23 
3 
Rabbi t Key 
~24 
FIGURE 68. 
ANCLOTE RIVER RUN N 
11 - 22-70 EBB 0920 ± ~. 003 
0" STATION 
52' / ' 
.... ............... 
........ ~ " .. 
.. . :>./ /:3'.~// ;': 
. /,-
.. "" ,,' .. :!: ... I .~ .... ~,.~ ~'~: ::. • •••.• ? 
•
•••• , ••• :.::......... . .••••.•• • .• :' , ,J.. ~ '" , .... ........ . 
. ... ;; ..... ~ 
.............. ::::: ... 
~." .. ..... :::::::: .. 
I? 
; 
;' 
.. "a" 
50' 
19A 
~ 13A 
"I" 
"AF!.A 
''t'" "2 A" ...... 
, 
\ Spoil \ 
, ' ~ __ - .J 
• 
t 
...... 
........ 
3 
i 
\. 
.. 
"s" 
\·~f .. ", 1/·········· .!~ ..... . 
:'''4~ ' ' ~::., ............ "6 -
......... 
j25A 
Rabbit Key 
"I ' £) f If A 
. .... ...... . 
" I 
FIGURE 7B . 
ANCLOTE RIVER RUN No.003 
EBB 1129 ± I 11-22-70 
Q'STATION 
" I 
52 / 
/ . 
....... _. 
", ./ 
12 
..... / 
f' 
. _ ......... . 
.I ........ 50' 
, .. "" 
...... 
. ..... 
" . 
...... .~:' 
...... ~. . ...... . 
, . :: .. ,
.' North 
~~C lot. Key 
, .. "" 
............. 
::::-' "'''~ ~ .. . !~ :;' .. , 
rr; ' 
-' ,I 
"g" -
", ,/ 
"41" • 
........ : ...... . 
................. :. ~;~.. '" "S" 
............. 
50' 
-
./ 
; 
"I" 
"' ~ 
"5" - ~)·81()i.:I~O; .. "" 
....  ::r .. / __ " .f -·· ............ ~ /I ~ .. ". 
., ........ ,,~. U 
[".: :. .;.... 0 'V 
<S ... Bird Key...:::;, e-18B,.: " "'t 2A ...... .... ........ . 
. ........ ; 
-...... . ..... : 
... .... ----
~3B 
. ...... .. . 
1 Mile 
..... 
FIGURE 8B. 
t::,.~nlon 
(taUut of two) 
ANCLOTE RIVER RUN 
EBB _ FLOOD No. 003 
11-22-70 1345 ± I 
0· STATION 
5 2' ....... 50' 
i 
... ... ..... 
... ~. . ....... . 
. .. ~ ... : 
..... ~ .: ..  :~'.< ~. ';\ 
...... / 
......... ......... _ ..... 
.... ", .... ........ "?:~ 
.... .... ( ......... ............. ::::;: .... : 
,J 
/. 
..•... 
,"" 
... Nort h 
~.nciol' Key 
./ 
~ .. .... '"'''''' 
t? 
./ .... / i 
.. ... ..' :;~~ • "e" 
~ .......... . 
50' 
• 
.... 
' •..• ~ 
")' . "9." 
.:;_. .... _.~~... A I-6-C • . 
. ,. .... :~ .. ........ .... loS- -'0· .. .. . 
"6" 0 ~a ~~ 
Bird Key..::::, 
Rabb ;o Key ~ 
~24C 
t!:.~nlon FIGURE 98. 
(taU .. , 0' Iwo) 
ANCLOTE RIVER 
FLOOD 1540±1 RUN No. 003 11-22-70 
0" STATI ON 
/ 
.'. 
....... _ ........ . 
/ ................ . 
..•.... 
....... 
; ..... 
............. 
~ ........ ~. 
.... .............. .... : 
. .... : .. ... 
/ 
. : North 
A.nclote Key 
.. f 
/ ........ 50' 
............... 
; .... 
,./ 
f······· 
~ "e" 
.... . ,. ............... . 
\" \ ................ .... 
...... 
........... 
... . ........ 
"I" 
• . 
v · "2A.~ ..... 
r---~"\ 
\ Spoil \ 
\ \ "42~----J 
-39- "40" ('--~--\ 
.~ \ Spoil \ 
\. ___ ..J 
50' 
r···· .. ·· .... 
" .. ' 
3 
? 
\. 
..... 
......... 
.I 
.... 
... 
":;~~ ':'::. 
..,' .... : .. ::: ..... .......... 
! 
) 
... ~ 
"g" 
....•.. -.... 
.... ·"I~;, ····· · 
Bird KIY"::::' 
..... 
i Rabbit KIY 
FIGURE lOB . 
ANCLOTE RIVER RUN 
FLOOD 1000' 1.5 11-15-70 NO. 2 
o • STATION 
46 
c. WATER QUALITY 
19 
WATER QUALITY 
INTRODUCTION 
A broad study of the water quality has been initiated as part of the 
comprehensive characterization of the Anclote estuary. This program 
includes analyses for some of the basic marine plant nutrients, phytoplankton 
pigments, suspended solids and water color. In subsequent reports data on 
other chemica 1 parameters and informat i.on on abundance and species compos it ion 
of plankton communities will be included. The purpose of the study of water 
quality is to determine ambient levels of a wide variety of chemical para-
meters and ascertain the present level of eutrophication of the Anclote area. 
The data presented in this section were based on samples taken in the fall of 
1970 at stations distributed from Alternate Route 19 bridge in the Anclote 
River to out~ide the Anchorage on the Gulf side of Anclote Key. 
METHODS 
Surface and bottom samples were collected at each station from a 
Boston Whaler skiff with plastic water samplers. In the laboratory water 
samples were passed through membrane and glass filters to remove particulate 
matter. The filtered water was inunedi.ately frozen and later analyzed for 
nutrient ion concentrations. The particulate matter filtered from each 
sample was used to assay for plant pigments and to determine suspended 
solids load. 
Concentrations of orthophosphate-phosphorus, nitrate-nitrogen, ammonia 
plus amino acid-nitrogen and silicate-silicon were determined by the wet 
20 
chemistry - colorimetric methods outlined by Strickland and Parsons (1968). 
Plant pigments and suspended solids lo.ad were a Iso quantified by procedures 
described by these authors. The extent of water discoloration was measured 
o 
as light absorbance in a 10 em light path at 4000 A. 
At each station phytoplankton and zooplankton samples were collected (to 
be analyzed later) and temperature, salinity and light penetration (Secchi disk) 
data were recorded. 
RESULTS 
Di.stribution of ion concentrations, suspended solids, plant pigments 
and water color are presented in bar-diagram form in Figures lC to 7C, wi.th 
the numerical data being contained in Appendix Tables lC to 3C. Physical 
data for the water quality stations are in Appendix Table 3C. 
The range of concentrations of the chemical species measures in the 
Anclote region were 0.19 - 6.87 x lO-2ppm for nitrate-nitrogen, 0 - 10.3 x 
10-2ppm for ammonia plus amino aCid-nitrogen, 0.1 - 4.8 x 10-2ppm for ortho-
phosphate-phosphorus and 4.5 - 41.4 x 1O-2ppm for - silicate-silicon. 
The distributions of these nutrients in the Anclote area were similar, in 
that the highest concentrations were in the river. Also, the greatest verti-
cal difference in nutrient concentrations occurred in the river. However, the 
vertical distributions of salinity and temperature were not always closely 
·correlated with nutrient ion stratification and many of the salinity and 
temperature inversions .Which were recorded for both the river and the anchorage 
were not accompanied by significant vertical differences in nutrient concen-
trations . . The nutrient data suggest .that during the months of sampling, a 
period of relatively little rainfall, the discharge rate of the Anclote River 
was small and contributed little to the nutrient enrichment of the general 
anchorage area. 
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With continued sampling and an increase in the number of water quality 
stations, seasonal, vertical and regional patterns of chemical parameters 
will emerge more clearly. Laboratory analyses will soon be expedited by 
Technicon Autoanalyzer equipment, which will accommodate a much more in-
tensive sampling program than is currently possible by manual wet-chemistry 
methods. 
The Anclote River, like most Florida rivers, is stained with tea-colored 
decomposition products of plants. The greatest discoloration occurs at stations 
located farthest up river, whereas the water in the anchorage and in the Gulf 
to the west of Anclote Key shows little evidence of this coloring matter. The 
distri.bution of water color suggests, along with the nutrient data, that 
during this three month sampling period the effect of the discharge from the 
river was qutckly dissipated near the mouth. 
The distribution of suspended solids gave no obvious ' regional, vertical or . 
seasonal trends during the fall. The averages for river and anchorage stations .. 
were 13.4 mg/land 17.7 mg/l respectively, of which 45%, on the average, was 
organic. Lack of obvious trends probably results from carrying effects on each 
station of wind direction and velocity, tidal action and boat traffic, all of 
• 
which re-suspend sediments. It is suggested that under certain conditions re-
suspended sediments may exceed the particulate matter generated by plankton in 
the Anclote area. 
Phytoplankton abundance in the Anclote region was estimated with chloro-
phyll-a concentrations. Figure 7C and Appendix Table 3 show that the river 
contained more chlorophyll-a than the anchorage and Gulf areas, especially in 
October and November, with average concentration being 11 mg/l and 6 mg/l 
respectively. Chlorophyll-a readings tended to decrease during the three months 
of sampling, with overall averages declining from 11 mg/l in September to 
22 
r 
4 mg/l in November. The same trends obtained for phaeo-pigments, which are 
indicators of plant detritus. Because of the re-suspension of bottom sediments, 
especially at exposed stations in relatively shallow areas, it is possible that 
significant portions of both chlorophyU-a and phaeo-pigments were contributed 
by benthic plants. An analysis of the phytoplankton samples collected at each 
station should aid in determining the fraction of chlorophyll-a attributable 
to phytoplankton. 
1ft the period of September to November repeated attempts were made to 
assay the rate of photosynthetic production in the anchorale and outside 
Anclote Key in the Gulf. These efforts largely failed because of the loss of 
light and dark bottles through wave action. ? Also, high respiration values 
were frequently recorded for light bottles suspended near the surface where 
there was adequate light for photosynthesis. These high respiration values 
were probably the result of wave action re-suspending large amounts of 
bacteria-coated organic sediments. Often in periods of high winds, vertical 
turbulence at the productivity stations was of such magnitude that considerable 
... 
quantities of sand-dized material were observed in surface waters. 
.t;,Ma/? 
• ----.JJ 
DISCUSSION 
The Anclote area is compared to estuaries in Tampa Bay, Florida, in 
Table lC. It is obvious that the Alafia River was greatly enriched in the 
fall of 1969 with all three of the macronutrients; the Alafia exceeded the 
Anclote River by several orders of magnitude in phosphate ion and by an order 
of magnitude in nitrate and silicate ions. The Manatee River also had more 
phosphate than the Anclote River but somewhat less nitrate. Both the Anclote 
-
River and the anchorage evidenced more nitrate but ~~nsiderably less phosphate 
than did lower Tampa Bay. The relatively high phosphate .... ;va,lues for lower Tampa 
Bay may reflect the contribution to the entire bay system of phosphate from the 
23 
Alafia River. Because of this rich source, phosphate in the Tampa Bay region 
may always be present in excess of the needs of the marine plant community, 
especially in the Hillsborough branch of the bay system. Nitrate, on the 
other hand. may be subject to virtually complete utilization by marine plant 
communities in the areas being compared, which may account for the poor corre-
lation of nitrate and phosphate trends. It has been suggested that, at least 
in the upper reaches of Tampa Bay. nitrate may be the limiting nutrient for the 
growth of marine plants (F.W.P.C.A •• 1969). Variations in silicate concen-
trations in the rivers being compared are difficult to interpret and sources 
of silicate and the causes of Us regional variations are as yet poorly under-
stood. 
The suspended particulate load in the Anclote region was nearly the same 
as that in the estuarine portions of the Alafia and Manatee Rivers. However, 
the suspended load in the Alafia perhaps had a greater fraction of the tota 1 
as phytoplankton. Evidence for this is the high plant pigment values for the 
Alafia River. Because of the location of many stations in shallow. exposed 
positions. it is suspected that a much larger fraction of the particulate load 
in the Anclote samples was constituted by re-suspended bottom sediments. 
On the basis of this comparative .nutrient and chlorophyll data it appears 
that in this particular sampling period the Anclote River, and consequently 
the anchorage. was not nearly as enriched with the nutrient ions measured as 
was the Alafia and was far from the eutrophi.c condition represented by the 
----.-, 
latter estuary. The Anclote area seems more comparable to the Manatee River 
... 
and lower Tampa Bay. Additi.ona 1 nutrient ana lyses and phytoplankton assays. 
however, are necessary to confirm this evaluation and to better define seasonal 
patterns in the Anclote area. Also. information is needed on other parameters 
---to more completely characterize the water quality of the Anclote region. 
24 
Estimations of total dissolved phosphorus and nitrogen, both of which may 
include large organically combined fractions, are essential in the quantifi-
cation of pollution. Also, base line data on trace elements is badly needed 
since the cooling units of power plants may add certain toxic metals to the 
environment of the anchorage at well above ambient levels. Further, if any 
significant data are to be gained on primary production, which may be affected 
-by thermal discharge, carbon-l4 methods of measuring photosynthesis should be 
adopted. At present the Marine Science Institute does not have the equipment 
.. 
to expand the Anclote program into these important areas. 
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TABLE lC. NUTRIENT CONCENTRATIONS, CHLOROPHYLL-A, AND PHAEO-PIGMENTS AND SUSPENDED SOLIDS 
IN SURFACE WATERS OF ESTUARIES IN THE ANCLOTE AND TAMPA BAY AREAS. 
Nitrate- Orthophospha te- Silicate- Suspended 
Nitrogen Phosphorus Silicon Solids 
x10-2ppm x10-2ppm xlO-2ppm Dry wei.ght 
(mg/l) 
Date Range 9 X 8 Range 6 X 5 Range 5 X 5 Range 3 X 
ANCLOTE RIVER Fall, 1970 0.4-9.0 5.0 0.2-4.8 1.7 6-41 18 6-24 15 
ANCLOTE ANCHORAGE Fall, 1970 0.4-2.9 0.8 0.5-1.6 1.0 2-18 12 6-41 15 
ALAFIA RlVER* 
(Hillsborough Bay) Fall, 1969 46-135 81 255-405 335 232-342 314 10-22 18 
MANATEE RlVER* 
(Lower Tampa Bay) Fall, 1969 0.02-1.00 0.42 34-37 35 3-50 17 12-24 17 
LalER TAMPA BAY* Fall, 1969 0.10-0.20 0.12 12-65 53 1-6 3 2-11 6 
*Tampa Bay Data from Hopkins (unpublished) 
Ch1orophyll-a + 
Phaeo-pigments 
(mg/m3) 
3 Range 4 X 
5-26 15 
2-20 7 
15-53 39 
10-24 16 
3-8 4 
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D. SEAGRASSES, ALGAE, BACTERIOLOGY 
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1. Seagrasses 
The predominant benthic plants in the area of the Anclote estuary are 
----seagrasses. There are several characteristics of the environment that are 
---------
responsible for this: the extensive shallow areas of gently sloping bottom 
--- -- - - -- - - - - --- - --
covered by relatively stable sandy sediments; adequate light penetration 
to the bottom; absence of waves and curreOnts strong enough to prevent es-
tablishment of seagrass beds; absence of extensive rock substrate. 
As a result of this favorable habitat, a major portion of the bottom 
is covered by one or more of five species of seagrasses: Thalassia testud-
inurn Konig and Sims, (turtle grass); Syringodium filiforme Kutzing (~-
docea manatorum Ascherson) (manatee grass); Diplanthera wrightii Ascherson 
(shoal grass); Halophila engemanni Ascherson; and Ruppia maritima 
Linnaeus (widgeon grass). 
Ruppia is not a true seagrass as it is primarily a fresh water species 
that invades brackish water and occasionally high salinity sea water. All 
others listed above are strictly marine species and do not persist in areas 
in which the salinity is below 15 to 20 0/00 for long periods of time. 
Since there are only eight genera and about 35 species of seagrasses 
in all the world's oceans, half the genera and about 15% of the species 
occur in the Anclote area. In fact, all but one species of seagrass known 
to occur in the Gulf of Mexico are growing in Anclote Anchorage. The 
species missing from these inner waters, Halophila baillonis Ascherson, has 
been collected in about 15 feet of water west of Anclote Key, so that it 
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may be said that all species known in the Gulf of Mexico are to be found in 
the general area with which this study is concerned. 
Thalassia is the most abundant species in the Anclote area where it 
forms extensive beds from just below mean low water to a depth of four 
to six feet, depending upon water transparency. These beds occur, for the 
most part, along the mainland side of Anclote Anchorage, along the inner 
side of Anclote keys, around Rabbit Key and off Piney Point west of Tarpon 
Springs. Where Thalassia occurs, it is usually the dominant and often 
present in pure stands. In the outer or deeper areas of Thalassia beds, 
Syringodium often occurs with it. 
be mixed some~lat with Diplanthera. 
In the inner, shallower beds, it may 
Scattered plants of Halophila engel-
manni are also mixed with the deeper beds of Thalassia, but are easily 
overlooked because the leaves tend to be hidden by the taller and denser 
Thalassia. 
Diplanthera is the second most abundant seagrass in the Anclote area. 
It is the species that grows in shallowest water and in many places it 
occurs only in waters generally too shallow for Thalassia. In some places, 
however, luxuriant stands of Diplanthera occur in deeper water (below ex-
treme low tide to a depth of about four feet or more). It appears that 
Diplanthera cannot compete well with Thalassia but can occupy some areas 
Where Thalassia cannot grow and may occupy others where Thalassia has not 
become established. Diplanthera will develop in a bare area much more 
rapidly than any other local seagrass. The fact that it grows in the 
shallowest water of any may be a result of its tolerance of both low and 
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high water temperatures as well as its greater resistance to air exposure. 
During new and full moon spring low tides, a major portion of the Diplan-
thera beds of the Anclote area are exposed for one or two hours. As a 
result, the shallowest beds tend to be in slight depressions where a fraction 
of an inch or so of water may stand when the tide is low. 
Diplanthera is the only seagrass in the Gulf of Mexico that occurs 
north of Cape Canaveral on the Florida east coast. Its northern limit is 
North Carolina and apparently some of the warmer bays along the Virginia 
coast where it overlaps with Zostera marina L. Zostera occurs from North 
Carolina (the southern end of Bogue Sound) to Newfoundland and Labrador. 
In late October or early November of this year, all seagrasses of 
the Anclote area ceased growth. By mid-November leaf die-back and loss of 
leaves had begun, especially with Thalassia. While Diplanthera beds showed 
this same annual response, it was less marked with this species, a fact 
related to its tolerance of lower temperatures. 
One of the principal goals of the work with seagrasses in the Anclote 
area is to map all beds and to identify the seagrasses present. It is our 
opinion that most of this mapping can be done by aerial photography, as 
is suggested by the clarity with which seagrass beds may be seen on some 
aerial photographs taken for other purposes. Accordingly, we have discussed 
this problem with an aerial photography firm in Clearwater. We feel that sea-
grasses can be located if the aerial photography is done at the proper time, 
namely, following several days or more of calm weather when the water is clearer 
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than usual, when the sky is clear, and When there is a spring low tide. 
The use of recently-developed techniques of color photography and scanning 
may add considerably to the maximum depth at which they can be seen on an 
aerial photograph. We do not yet know whether the deepest beds, or the 
outer margin of the beds, can be determined by photography, but we plan to 
find out and to do as much of the mapping of general areas as possible by 
this means. Details will then be provided by an on-site study of the com-
position of the beds. 
While no one person involved in the Anclote area research project 
has been assigned the responsibility of studying seagrasses, we feel that 
considerable progress toward the long-range goal has already been made as 
a result of observations contributed by persons working on other plant and 
animal groups. 
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II. Benthic algae 
Benthic algae, with the exception of certain genera of the order 
Siphonales, class Chlorophyceae (green algae), require some type of solid 
substrate in order to colonize an area, even though all other environmental 
conditions are favorable. The general area of the Anc10te River estuary 
provides very little of the most suitable type of substrate, rocks. There 
are a few outcroppings of Tampa limestone in the area, but these are so 
-
~~~-----------.-----"""-"""--, 
limited that the algal population on them is small in quantity. The Anclote 
area does, however, provide an extensive substrate that many species of benthic 
algae can utilize: seagrasses,'. \ he 
\, ...... ' '"J"~ 
'j ...j..!_------.J. 
Humm (1964) found 113 species of benthic algae growing on the seagrasses 
seagrass leaves. If it were not for the 
benthic algae of the Anc10te area would be very sparse. 
in Biscayne Bay, about 254 of the total benthic algal flora of the area. 
It is expected that a considerable higher proportion of the total flora at 
Anclote will be found as seagrass epiphytes than that around Miami. Accord-
ing1y, emphasis will be placed during the winter and spring of 1971 on sea-
grass epiphytes. 
In addition to epiphytes on leaves of seagrasses, a few genera of green 
algae have, in the course of evolution, developed an ability to grow on loose 
bottom sediments, sand or muddy sand, as a result of the development of masses 
of colorless hair-like rhizoids that penetrate the bottom sediments and anchor 
the plants after the manner of the root system of land plants. 
Algae on sandy substrate: Four genera of rhizoid-anchored plants have 
been found to date at the Anclote area: Cau1erpa, Halimeda, Penicillus, and 
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Udotea. At least one more genus (Avrainvillea) is to be expected. The 
following species have been found in Anclote Anchorage, all below extreme 
low tide: Caulerpa ashmeadii Harvey, f. prolifera (Forsskal) Lamouroux, 
Halimeda incrassata (Ellis) Lamouroux, Penicillatus capitatus Lamarck, and 
Udotea flabellus (Ellis and Solander) Lamouroux . 
There may be some competition between these plants and seagrasses, 
eaped.ally the genus Caulcrpa. However, our observations lead us to believe 
that most of these plants are able to grow much more readily in a seagrass 
bed than in an area with no seagrasses, especially those genera characterized 
by erect, solitary plants. Caulerpa, a creeping-spreading genus, may be 
considerably inhibited by seagrasses. 
The genus Halimeda of this group contributes large quantities of cal-
careous sediments to the areas it occupies because of its propensity for 
becoming heavily calcified through precipitation of calcium carbonate from 
sea water. 
Algae on rocks and she lIs: While limestone rocks are not abundant 1.n 
the Anclote area, scattered shells of oysters, clams, and whelks provide an 
algal substrate below low tide if these shells are not turned over or covered 
with sand as a result of the action of waves and currents. The extensive 
oyster bars of the area provide another substrate, especially for those species 
of algae able to with&tand exposure to air. The oyster bars are principally 
intertidal. 
Th(~ following species in each of the four major groups have been re-
corded from the Anclote area on shells or rocky substrata: 
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Cyanophyta (bluegreens) 
Entophysalis deusta Drouet and Daily. Penetrating old shells in the 
intertidal zone and below and below and giving them a greenish tinge. 
Spirulina subaalsa Gamont. Forming a bright bluegreen coasting on 
an oyster shell just below low tide near the Anclote field laboratory. 
Kicrocoleus lyngbyaceus (Kutzing) Crouan. On oyster and clam shells 
low in the intertidal zone as two ecophenes. LYDIbya confervoides Agardh 
and L. semiplena J. Agardh. 
Schizothrix calcicola (C. Agardh) Gamont. Penetrating oyster shells 
in the intertidal zone as the ecophene Plectonema terebrans Bornet and 
Flahault. Abundant. 
Calothrix crustacea Bornet and Flahault. On concrete, pier pilings, 
and oyster shells high in the intertidal zone and in some places forming a 
distinct "black zone". 
Rhodophyta (red algae) 
Gelidium crinale (Turner) Lamouroux. On oyster ahells low in the 
intertidal zone, common. 
Gracilaria armata (C. Agardh) J. Agardh. Occasional after mid-October 
on shells in 2-4 feet of water west of "The Union". Increasing in abundance. 
Gracilaria caudata J. Agardh. As Gracilaria armata, but not in common. 
Gracilaria foliifera (Forsskal) B6rgesen. Fairly abundant on sheIla 
below low tide at many stations but especially west and northwest of Bailey's 
Bluff. 
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Agardhiella tenera (J. Agardh) Schmitz. One plant adrift at the water's 
edge near the field laboratory, December 14, 1970. 
Hypnea musciformis (Wulfen) Lamouroux. On shells among Thalassia 
northwest of "The Union" and occasionally drifted ashore following northwest 
winds. 
Champia parvula (C. Agardh) Harvey. Occasional in one to three feet 
of water (low tide) west and northwest of "The Union". 
Ceramium byssoideum Harvey. Although mainly an epiphyte, this plant 
also occurs on stones and shells in shallow water over most of the Anclote 
study area. 
Centroceras clavulatus (C . Agardh) Montagne. On stones and old shells, 
low intertidal and below; widely distributed and abundant. 
Spyridia filamentosa (Wulfen) Harvey. Like Ceramium, Spyridia usually 
begins as an epiphyte, but some plants start on oyster shells or other solid 
objects below low tide. The plants often break loose and continue to grow 
on seagrass flats until washed ashore or out into deep water. 
Caloglossa leprieurii (Montagne) J. Agardh. Intertidal rocks that 
are shaded somewhat and mangrove roots, both red and black, support an assoc-
iation of algae capable of withstanding considerable exposure to the air at 
low tide if not in direct sun. Caloglossa is a member of this association 
and is abundant in the Anclote area. 
Polysiphonia echinata Harvey. Occasional on shells and rocks in shallow 
water but below low tide (more often an epiphyte) in the Thalassia beds 
throughout the Anclote area. 
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Polysiphonia denudata (Dillwyn) Kutzing. On shells and submerged wood 
alongshore in areas more or less protected from heavy wave action. 
Digenia simplex (Wulfen) C. Agardh. On limestone rock outcrops and 
on stones and shells on the seagrass flats, especially Thalassia. One of 
the most abundant of the larger species. 
Bostrichia montagnei Harvey. A major component of the association 
of algae on red mangrove roots in the Anclote area and also on black mangrove 
where well-shaded. 
Bostrichia tenella (Vahl) J. Agardh. Forming a high intertidal band 
on woodwork, rocks, seawalls in the intertidal zone. 
Herposiphonia secunda (C. Agardh) Ambronn. Forming a low turf on oyster 
shells along the beach low in the intertidal zone or higher up when shaded 
by mangroves. 
Chondria cnicophylla (Melvill) DeToni. Some plants originating on 
shells in Thalassia beds, later become loose ••• 
Acanthophora spicifera (Vahl) Bbrgesen. Common on shells, on Thalassia 
beds and on exposed limestone rock well below low tide. 
Laurencia pOitei (Lamouroux) Howe. Originating on shells, on Thalassia 
beds and later breaking loose. also on limestone rocks. 
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Phaeophyta (brown algae) 
Ectocarpus siliculosus (Dillwyn) Lyngbye. During the latter part 
of November this species became very abundant throughout the Anclote 
area, mostly as an epiphyte, but also on pilings, stones, shells, and 
channel buoys. It is a winter-spring species in this region. 
Giffordia mitchellae (Harvey) Hamel. Though present throughout the 
year, this species became more abundant during November. It occurs on 
the same substrata as the above. 
Dictyota dichotoma (Hudson) Lamouroux. On submerged limestone and 
shells below low tide and on Thalassia flats. 
Chlorophyta (green algae) 
Protederma marinum Reinke. Forming a greenish coating on shells and 
sometimes pilings and seawalls rather high in the intertidal zone. 
Gomontia polyrhiza (Lagerheim) Bornet and Flahault. Penetrating 
shells in the intertidal zone and below and giving them a greenish tinge. 
Enteromorpha clathrata (Roth) J. Agardh. Forming tufts on shells 
low in the intertidal zone. 
Enteromorpha intestinalis (Linnaeus) Link. Not recorded from the 
Anclote area until late in November when it appeared in many places on 
stones, shells, woodwork, especially in the lower half of the intertidal 
zones. 
Monostroma oxyspermum (Kutzing) Doty. This species apparently did not 
appear until after November 15, but during early December it became abundant 
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on stones and shells and on mangrove roots in the upper intertidal zone, 
especially where shaded. 
Ulva lactuca Linnaeus. Abundant in shallow water throughout the 
Anclote area. 
Rhizoclonium kerneri Stockmayer. On mangrove roots. 
Rhizoclonium riparium (Roth) Harvey. On stones and shells high in the 
intertidal zone under mangroves and on mangrove roots. 
Cladophora fuliginosa Kutzing. On limestone outcrops and occasionally 
on large shells on Thalassia flats. 
Cladophora gracilis (Griffiths) Kutzing. On shells and stone in pro~ 
tected areas below low tide. 
Cladophora fascicularis (Mertens) Kutzing. On rocks below low tide 
in the more exposed areas subject to wave action. 
Batophora oerstedi J. Agardh. On shells below low tide, especially 
along the inner margins of Thalassia flats. 
Acetabularia crenulata Lamouroux. On old scallop shells below low 
tide and on Thalassia beds. 
Dictyosphaeria cavernosa (Forsskal) B6rgesen. On limestone rock out~ 
crops and occasionally on stones among Thalassia plants. 
Anadyomene stellata (Wulfen) C. Agardh. 
ChrY80phyta 
Ostreobium quekettii Bornet and Flahault. Penetrating old shells low 
in the intertidal zone and below . Common. 
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III. Bacteriology 
In order to describe the Anclote River estuary area bacteriologically, 
it is necessary to study two bacterial groups or populations: (1) those 
bacteria of the area that make up the natural population; (2) those 
being dumped into the areas by man's activities, in particular the so-called 
"coliform" bacteria entering the river and the estuary from various sewage 
sources and street drains. Initial work has been done on both of these 
groups during the first quarter of the project. 
The Natural Population 
Marine bacteria as a group have been studied to a very limited extent 
with the result that relatively little is known about them. Most work on 
marine bacteria has dealt with a specific group or a specific marine pro-
blem. The last time our general knowledge of marine bacteria was sum-
marized was in 1950 when Dr. C.E. ZoBell of Scripps Institution of Oceano-
graphy published his book, Marine Microbiology. Unfortunately, he has not 
done a revision of this compendium. 
In planning the marine bacteriological work at Anclote, we came to the 
conclusion that a study of a specific physiological group of organisms 
would be the most effective means of obtaining basic information on the 
natural populations. While we plan to work with other groups later in the 
project, we decided to determine the characteristics and abundance of the 
marine luminescent bacteria in this first phase of work with the 
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natural population. Luminescent bacteria are virtually unknown except 
in the sea, and they do not tolerate low salinities. Furthermore there 
is considerable literature on marine luminescent bacteria because of re-
markable property of producing visible light as a by-product of a segment 
of their metabolism while they are in the logarithmic growth phase. 
Since we know of no previous work in which marine luminescent bacteria 
have been used as indicators of the conditions of an inshore marine environ-
ment, or of any efforts to enumerate luminescent bacteria, our first problem 
was the development of techniques and the determination of the effects of 
various environmental factors upon the population of luminescent bacteria. 
We have developed a technique which we feel will provide reasonably 
accurate information on numbers of these bacteria per unit volume of water, 
as indicated in the Environmental Status Report for July, August, and 
September, 1970, of the Florida Power Corporation (page 10). 
On the basis of preliminary results of counts of luminescent bacteria 
at a number of localities from the Anclote River bridge (U.S. 19) west and 
later northwest to a location north of the future power plant site, we find 
a significant reduction in their numbers from a station near the field lab-
oratory to the Anclote bridge. Salinity at the bridge was 5 to 10 0/00, 
at the laboratory site about 30 0/00. It is our opinion that the luminescent 
bacteria in the water samples taken up at the bridge site were in a medi.um 
that would be lethal for them with time. Because of currents, however, there 
were still viable cells in this water sample. 
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The highest population was found in the general area of the laboratory 
site and what appear to be significantly lower populations farther west 
and northwest. We believe that the water farther out in the Anclote estuary 
is characterized by a higher proportion of Gulf water. This water brings 
luminescent bacteria into the Anclote estuary where organic matter is higher 
and they increase in numbers while in the mixed waters of high salinity (25 to 
30 0/00). As luminescent bacteria in this water are moved by tidal currents 
up the river toward the bridge,they tend to die off, not only because of 
the lower salinity but also because of the greater sewage contamination and 
competition with coliform and other bacteria of fresh water. 
In general there were from a few to 50 luminescent bacteria per milliliter 
of water at the Anclote bridge area, from 50 to 100 between the laboratory 
site and Marker 19, from 100 to 600 in the area down the river from the field 
laboratory site, and from 100 to 300 in the Anclote Anchorage or mixed waters 
in August when the water temperature was about 28°C. 
Bacteria of Sewage Origin 
It appears that the Anclote River is polluted by sewage effluents 
- --- ---
and that in view of the very low volume of river discharge this pollution 
remains in the area for long periods. It moves into Gulf waters very 
slowly and primarily as a result of tidal rise and fall rather than 
river flow. Consequently, the area has a high population of coliform 
bacteria, those of primarily sewage origin. 
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There is one characteristic of the coliform bacteria that makes them 
easy to detect: they produce gas (carbon dioxide and hydrogen) when grown 
in a culture medium containing at least 0.2% lactose (milk sugar). In 
addition, there are other culture media designed to detect these organisms 
in a rather rough way. 
Several procedures have been used to count coliforms in Anclote waters. 
One of these is a time-consuming process involving an extinction-dilution 
method. The results are obtained by reference to the Halvorsen-Ziegler 
probability tables from which is derived a most probable number based upon 
a statistical formula. This method is used mainly as a check of the more 
rapid, less accurate, but less time-consuming methods. The most widely 
used method is that involving Millepore filters and culture of the organisms 
on the filter itself after placing it on a medium-soaked pad in a small, 
plastic petri dish. 
Eighte~n localities have been used as water sample sources from a point 
under the route 19 bridge over the Anclote River, down the river at intervals 
and across Anclote Anchorage to Anclote Key. These are not fixed "stations" 
in the usual sense since the water i.s constantly moving. Ideally, all 
these stations should be sampled at the same time, but since this is impossible 
allowances for w~ter movement must be made in interpreting the results. 
Our preliminary results based upon sampling during October and November, 
1970, indicate that the coliform organisms are promptly dispersed, diluted, 
and perhaps dying off rapidly as the water from upriver reaches channel 
marker 9, a flasher. Across Anclote Anchorage the coliform count is quite 
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low, but coliforms appear to follow the channel and to flow out with the 
river water during ebb tide. 
From flasher 9 upstream, there is a rather consistent increase in 
numbers of coliform organisms per unit volume of water with highest counts, 
to date, occurring between the u.s. Alt. 19 bridge and the U.S. 19 bridge, 
depending on the tidal condition. The numbers per 100 mI. of water have 
ranged during ebb tide, from 0 to 50 at flasher 9 and farther out; from 
50 to 500 from flasher 9 to the U.S. Alt. 19 bridge over the river, and 
from 500 back down to about 80 from the U.S. Alt 19 bridge to the U.S. 19 
bridge, further upriver. 
During floodtide, the count drops to about 250 at the Alt. 19 bridge 
and increases to 800 at the U.S. 19 bridge, implying that a source of 
contamination may be somewhere between the two bridges. 
If these results are interpreted in terms of the Florida State Board 
of Health bases for classification of water condition with reference to 
contamination indicated by coliform count, then the water in the Anclote 
River and Anclote Anchorage, from marker 19 downstream, would generally be 
designated as "class II" quality (no more than 70 coliform organisms per 
100 milliliters), and the water upstream from marker 19 or this general 
vicinity to the bridge at U.S. 19 would be regarded as "class III" water. 
Shellfish harvesting is permitted in class II water areas, but not in 
class III. The latter, however, is regarded as suitable for recreation 
and for propagation and management of fish and wildlife. 
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Our data are not yet adequate to show the extent of movement of the 
boundary between class II and class III waters in the Anclote area in 
response to tidal oscillation, river discharge variat i on, or variation wi th 
season ( i. ncluding sewage volumes). It is our goal to describe the area 
bacteriolog ically to such an extent. 
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TABLE 10. SAMPLING LOCATIONS AND NUMBERS 
Location No. Description 
1 . 0 •••• 0 . 0 •••••••••••••• 0 •• 0 ••• 300 yards upriver of the 
U.S. 19 bridge 
2 .••..•.•••••.•••.••••••.• • ••.• U.S. 19 bridge 
3 ••••••••••••••••••• 0 •• 0 ••••••• Outfall for the Tarpon Springs 
sewage treatment plant, located 
on a branch of the main river and 
about midway between the U.S. 
Alt. 19 bridge and the U.S. 19 bridge 
4 • •••••••••••••••••••• 0 •••••••• 100 yards above the U.S. Alt. 19 
bridge 
5 ••••••••••••••••••• 0.0 •••••••• U.S • Alt. 19 bridge 
6 • ••••• II •••• 0 •••••••••••••••••• Channel marker "47" Anclote River 
7. • •• 0 •••••••••••••••••••••••••• Channel marker "36" Anclote River 
8 · ............................. Channel marker "19" Anclote River 
9 · ............................. 10 feet off the dock of the 
Anclote Manor Hospital 
10 • ••••••••••••••••••••• 0 ••••••• Channel marker "11" Anclote River 
11 •••••••••••• o •• o ~ ••••••• o ••••• The north side of the stilt house 
12 . 0 ••••••• 0 •• 0 ••••••••••••••••• The south side of the stilt house 
13 •••••• 0 •••••••••• 0 •••• 0 .0 •• 0 ... Channel marker "9 II Anclote Anchorage 
14 ••••• 0.0 ••••••••• 0. 0 . 0 •••••••• Channel marker "I" Anclote Anchorage 
15 •••••.••. 0.0 •••••••••••• 0 •• 0 •• 300 yards east of Dutchman Key 
16 0 ••••••• 0 •••• 0 •• 0 •• 0 •• 0 •• 0 •• 0. Just offshore of the southernmost 
tip of Anclote Key 
17 •••••••••.•••••• 0............. Intracoastal Waterway .. rker "9" 
18 ••.•.••.•••••.••••••••••.••.•• Channel marker "3" Anclote Anchorage 
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TABLE 2D 
SAMPLING LOCATION # AND COLIFORM BACTERIA CONCENTRATIONS 
Locat ion Date Temp ( C) S (0/00) Tidal Tota 1 Coliforms 
·Conditions (MPN/100 ml.) 
2 10-25-70 27.0 22.08 FLOOD 790 
2 11-25-70 15.0 21.54 EBB 78 
4 11-25-70 15.5 19.38 EBB 490 
5 10-25-70 27.0 22.62 FLOOD 230 
6 11-25-70 14.0 23.16 EBB 110 
7 11-25-70 12.0 23.69 EBB 40 
8 10-11-70 27.5 30.69 EBB 68 
8 11-21-70 19.8 26.38 EBB 45 
9 10-11-70 28.5 30.15 EBB 130 
10 11-21-70 20.0 26.92 EBB 68 
11 10-24-70 25.0 30.69 EBB 78 
12 10-24-70 24.5 30.15 EBB 68 
12 11-21-70 20.0 27.46 EBB 78 
13 11-21-70 20.0 28.00 EBB 45 
14 11-25-70 12.0 26.92 EBB 20 
15 11-21-70 21.0 
- EBB 0 
15 11-25-70 12.0 28.00 EBB 0 
16 11-21-70 21.0 30.69 EBB 20 
17 11-21-70 20.0 31. 77 EBB 20 
18 11-25-70 11.5 25.85 EBB 0 
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E. BENTHIC INVERTEBRATES 
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MARINE BENTHIC INVERTEBRATES 
Preliminary Objectives 
1 . Determine bottom community types. 
2. Determine dominant benthic invertebrates present . 
3. Based upon bottom communities present and their associated inverte-
brate fauna and location within the Anclote estuary estimate the possible 
effect of dredging and heated effluent from power plant construction and 
operation. 
Methods 
During September and October 1970, twelve marine stations in the 
Anclote Key area were sampled . These stations were selected so that a 
variety of habitats would be represented and each station was considered 
representative of the surrounding microenvironment. 
Sampling was done using the following basic procedures: 
1. Bottom plugs were taken with a 10.0 cm. diameter corer pushed by 
hand into the sediment to a depth of 15.0 cm. The resulting sediment plug 
was washed through a 0.5 mm. mesh sieve, which in turn was examined for 
invertebrates . Four plugs were taken at each station. 
2. A meter square copper tubing frame was randomly dropped at each 
station. Large invertebrates subsequently enclosed by the frame were 
identified and counted. This method was especially good for determining 
densities of sessile and slow moving macro-invertebrates. Four drops were 
made at each station. 
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3. A benthic trawl taken at each station was used to sample shrimp 
and crabs. The trawl consisted of a fine mesh bag (~ inch stretch) with 
a 30 x 100 cm. opening attached to a heavy metal frame. This device was 
towed at low speed for three minutes at each station. 
Results and Discussion 
Benthic Communities 
The two major bottom community types were identified as sand and 
grass (Figure IE). The sand community was generally clean, with few if any 
obstructions, appearing to be composed of well sorted sand grains. For the 
most part, the sand community w~s i~ ~aters_d~~E~r _ th~ ix fe~t. as seen 
in the large central portion of Anclote Anchorage (Figure IE). In this and 
other sandy zones fewer benthic invertebrates were found. Of 102 species 
sampled, 38 were inhabitants of the sand community. Echinoderms were 
prominent, with the sand dollar (Mellita quinquiesperforata), a sea star 
(Luidiaclathrata). and the urchin (lytechinus variegatus) being present in 
abundance. Other important faunal dominants of these sandy areas were the 
pink shrimp (Penaeus duorarum) and the ~ c~b (Callinectes sapidus). 
The grass community, composed of several mari~e spermatophytes making 
up definite grass beds, was largely found in shallower waters. As can be 
seen in Figure IE, the major grass beds east of Anclote Key are in less than 
six feet of water. The grass nearest the shore was shoal grass (Diplanthera 
wrightii) which commonly became exposed during very low tides. Beyond 
the Diplanthera, two other grasses, turtle grass (Thalassia testudinum) 
and manatee grass (Syringodium filiforme), extended into deeper water. 
Within the Thalassia-Syringodium association the greatest diversity and 
density of invertebrates occurred. 
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Of the 102 species sampled, 80 were present in the grass community. 
More than twice as many species occupied the grass beds as appeared in the 
sand community. Crabs and shrimp were one of the more important faunal com-
ponents of the grass complex. Pink shrimp (Penaeus duorarum) along with 
various smaller shrimp (Periclimenes americanus, Palaemonetes intermedius, 
Palaemonetes pugio. Tozeuma carolinensis, and Hippolyta pleuracantha) were 
present in great abundance. Also present were blue crabs (Callinectes 
sapidus), stone crabs (Menippe mercenaria), and mud crabs (Eurypanopeus 
depressus and Neopanope texana). Other dominants of the community were 
urchins (Lytechinus variegatus), a tunicate (Styeia plicata) and numerous 
polychaetes (Arenicola cristata, Clymenella mucosa, Diopatra cuprea, and 
Loimia medusa). Mollusks were the most diverse group in the grass with 53 
species identified. Only 18 species were taken from sand samplings (Table II) 
Zone Descriptions 
Zone I, Exposed sand: The surf zone on the Gulf side of Anclote Key 
was designated Zone I. This area was entirely sand, without grass, 
varying in depth from a few inches to eight feet. The number of inverte-
brate species here was low; however, in some species present, density was 
high. The sand dollar (Mellita quinquiesperforata) and Florida coquina 
(Donax variablis) were both present in localized abundance. 
Zone II. Protected sand: This small but distinct area occupied a 
position behind a large sand bar at the northern end of Anclote Key. The 
area was shallow with greatest depth of 4 or 5 feet . Invertebrate fauna, 
limited mainly to polychaetes and mollusks, appears to be poor in comparison 
to other areas. 
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Zone III, Central sand: This area comprised the greater part of the 
sand community sampled. It lies on the protected side of Anclote Key, mainly 
in waters greater than six feet in depth. Major invertebrates from this 
zone included Penaeus duorarum, Callinectes sapidus, Menippe mercenaria, 
Luidia clathrata, Mellita quinquiesperforata, and ~ytechinus variegatus. 
A total of 26 invertebrate species were counted in bottom samples of this 
area. 
Zone IV, North grass and sand: North of Anclote Key, a shallow area 
was found where grass beds alternated with large patches of sand. Grasses 
here were Thalassia testudinum and Diplanthera wrightii. Invertebrate 
diversity was high (55 species) reflecting the presence of species from 
both sand and grass communities. Prominent species of this area were 
Lytechinus variegatus, Luidia clathrata, Chione cancellata, Atrina rigida, 
Macrocallista nimbosa, Penaeus duorarum, and Menippe mercenaria. 
Zone V, West grass: This grass bed was located in shallow waters on 
the protected and near side of Anclote Key. The sediments here were soft 
with the entire area appearing to act as a silt trap. Water depth was 
generally less than four feet. Species diversity in this area was 
relatively high (58 species); however, densities of both invertebrates and 
the grasses themselves were noticeably lower than in unsilted areas. The 
major invertebrates were Lytechinus variegatus, Penaeus duorarum, Neopanope 
texana. Eurypanopeus depressus. and Styela plicata. 
Zone VI, East grass: The greatest invertebrate diversity (64 species) 
and densities were obtained at this location. The area was in a shallow 
relatively unsilted environment following the coastline northward of the 
Anclote River mouth . Near shore, shoal grass (Diplanthera wrightii) was 
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found, while turtle grass (Thalassia testudinum) and manatee grass 
(Syringodium filiforme) dominated deeper waters to six feet. Important 
invertebrates from this zone included Penaeus duorarum, Callinectes sapidus, 
Periclimenes americanus, Palaemonetes pugio, Manippe mercenaria, Argopecten 
irradians concentricus, Arenicola cristata, Clymenella mucosa, Styela plicata, 
and Lytechinus variegatus. 
Zone VII, South grass: A large grass bed south of the Anclote River 
Channel, near Howard Park beach was designated as the south grass zone. 
This zone appeared much like its companion the east zone. However, in some 
areas near the dredged Howard Park beach, silting seems to have occurred, 
thus reducing species numbers (50 species) and densities. 
Zone VIII, River mouth: The shoal grass (Diplanthera wrightii) beds 
at the Anclote River mouth were luxuriant and provided habitat for a 
relatively rich marine fauna. Forty-five species of invertebrates were 
sampled, most with high densities. Major invertebrates were Penaeus 
duorarum, Callinectes sapidus, Palaemonetes pugio, Crassostrea virginica, 
Arenicola cristata, Clymenella mucosa, and Glycera americana. 
Zone IX, Upriver: Invertebrate species diversity (11 species) and 
densities were markedly lower in samples taken up the Anclote River toward 
Tarpon Springs. Two species dominated, the oyster (Crassostrea virginica) 
and the blue crab (Callinectes sapidus). Shoal grass (Diplanthera wrightii) 
was present, growing in shallows near mangrove islands. 
Summary 
1. Grass and sand communities are both present in the Anclote Key area. 
The grass community has the greater diversity and density of benthic inverte-
brates. It is in waters shallower than the sand community and appears 
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susceptible to damage through excessive silting . 
2. The commercially important species, Penaeus duararum and Callinectes 
sapidus, are among dominants in both sand and grass communities. Other 
prominent species include Lytechinus variegatus, Periclimenes americanus, 
Palaemonetes pugio, Menippe mercenaria, Crassostrea virginica, Argopecten 
irradians concentricus, Chione cancellata, Arenicola cristata , Clymenella 
mucosa and Loimia medusa. 
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Group 
Echinoderms 
Ascidians 
TABLE I 
Benthic invertebrates sampled from marine waters 
between the Anclote River mouth and Anclote Key 
Species Zone of Occurrence 
LYtechinus variegatus II,III,IV,V,VI,VII 
Mellita guinguiesperforata I,II 
Arbacia punctulata IV 
Luidia clathrata III 
1uidia alternata III,IV 
Astropecten duplicatus III 
Echinaster spinulosus V,VII 
Styela plicata III,IV,~,VI,VII,VIII,IX 
Perophora viridis VI ,VII 
Decapod Crustaceans 
Penaeus duorarum I,II,III,VI,V,VI,VII,VIII 
Periclimenes americanus V, VI , VII , VII I 
Hippolysmata wurdenmanni IV, VI ,VII 
Palaemonetes intermediuP. V,VI,VII,VIII 
Palaemonetes £ugio V, VI, VII, VIII 
Tozeuma carolinensis IV,V,VI,VII,VIII 
Alpheus heterochaelis IV, V ,VI, VI, VIII 
Hippolyte pleuracantha V ,VI, VII, VIII 
Callinectes sapidus I,II,III,IV,V,VI,VII,VIII,IX 
Eurypanopeus depressus III,IV,V,VI,VIII,VII,IX 
Neopanope texana III,IV,V,VI,VII,VIII,IX 
Mollusks 
TABLE I (continued) 
Menippe mercenaria 
Libinia dubia 
Petrolisthes armatus 
Pinnixa §Q. 
Pagurus annulipes 
Pagurus longicarpus 
Pagurus impressus 
Petrochirus bahamensis 
Upogebia affinis 
Callianassa §Q. 
Neritina virginea 
Turbo castanea 
Litorina irrirata 
Littorina angulifera 
Caecurn §Q. 
Batillaria minima 
Cerithiurn muscarurn 
Bittiwn varium 
Triphora §Q. 
Epitoniwn §Q. 
Crepidula plana 
Crepidula fornicata 
Strombus alatus 
Natica ~. 
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IV,V,VI,VII,VIII 
IV , V , VI , VII , VII I 
IV,V,VI,VII 
II,IV,VI 
IV,V,VI,VII,VIII 
II,III 
II,III 
IV 
VI, VIII 
VI, VIII 
IX 
IV 
IX,X 
IX,X 
IV , V , VI ,VII . 
II , V , VI , VII 
VI, VII 
IV,VI,VII,VIII 
IV 
IV 
III,IV,V,VI,VII,VIII 
III,VI,V,VI,VII,VIII 
IV 
II,III 
(continued) 
TABLE I (continued) 
Polinices duplicat~~ 
Sinum perspectivum 
Murex pornum 
Murex dilectus 
Eupleura sulcidentata 
Urosalpinx tarnpaensis 
Urosalpinx perrugata 
Thais haernastoma haysae 
Anachis avara 
Mitrella lunata 
Melongena corona 
Busycon contrarium 
Busycon spiratum 
Nassarius vibex 
Fasciolaria hunteria 
Oli va sayana 
Olivella ~. 
Prunurn apicinum 
Bulla occidentalis 
Bursatella leachi plei 
Turbonilla ~. 
Odostomia ~ 0 
A chiton (?) 
Nucula proxima 
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I,II,III 
III,VI 
IV 
IV 
V, VI, VII 
VIII 
IV,VI 
VI, VIII 
IV,V,VI,VII,VIII 
IV,V,VI,VII,VIII 
V,VI 
IV,V,VI,VII,VIII 
III,IV 
II,V,VI,VII,VIII,IX 
IV 
I,III 
V,VI 
IV,V,VI,VII 
III, V , VI, VII 
V, VI, VII, VIII 
IV,V 
V,VI,VII,VIII 
IV,V,VI,VII 
V,VI,VIII 
(continued) 
TABLE I (continued) 
Nuculana concentrica 
Noetia Eonderosa 
Anadara transversa 
Anadara ovalis 
Modiolus demissus 
Brachiodontes exustus 
Atrina rigida 
Argopecten irradians 
concentricus 
Crassostrea virginica 
Cardite floridana 
Trachycardium egmontianum 
Laevicardium mortoni 
Dinoca-_~dium robustum 
Mercenaria mercenaria 
Anomalocardia cuneimeris 
Chione cancellata 
Macrocallista nimbosa 
Tellina tampaensis 
Donax variablis 
Tagelus divisus 
Ensis minor 
Octopus joubini 
V, VI, VII, VIII 
IV,V 
IV,V,VI,VII 
IV 
VIII,IX 
IV,V,VI,VII,VIII,IX 
III,IV,V 
III,IV,V,VI,VII,VIII 
III,IV,V,VI,VII,VIII,IX 
IV, V, VI, VII, VIII 
IV,V,VI 
IV,V,VI,VII 
I 
II I , IV, V , VI , VII 
VIII 
IV,V,VI 
I,IV 
II, V 
I 
VIII 
VI, VIII 
IV 
(continued) 
Polychaetes 
TABLE I (continued) 
Arenicola cristata 
Glycera americana 
Marphysa sanguinea 
Nereis succinea 
~luphis eremita oculata 
Scoloplos rubra 
Scoloplos fragilis 
Diopatra cuprea 
Chaetopterus variopedatus 
Eteone heteropodo 
Loimia medusa 
Clymenella mucuosa 
La~onereis culveri 
Pectinaria gouldii 
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V, VII, VIII 
III,V,VI,VII,VIII 
V, VI, VIII, IX 
V,VI,VIII,IX 
II,III,IV,V,VI,VII,VIII 
III, V, VI, VII 
III, V , VI, VII 
IV, V , VI , VII 
IV 
III, VIII 
III,V 
II, V , VI, VII, VI II 
V,VI 
II, III, IV, VI 
TABLE II 
Invertebrate species in sand and grass communities of 
the Anclote Key area 
Community 
Group Sand Grass 
(species no. ) (species 
Echinodermata 5 5 
Hollusca 18 53 
Crustacea 7 18 
Poly chaeta 8 14 
Total 38 80 
6l 
no.) 
Future Objectives 
1. Further determine species and densities of benthic invertebrates 
at each sampling station. Twelve sampling stations have been selected. 
New stations will be added if necessary. Sampling strategy will include 
a variety of quantitative techniques including tidal and diurnal sampling 
periods. 
Data to be used in determining: 
a. Seasonality of each species. 
b. Relationship of species associations and densities to 
sediment, community types, and other physical parameters (D.O.,T,S). 
c. Species diversity. 
2. Seasonal growth and standing crop of major species will be 
estimated. This will be done by classing individuals according to size. 
3. Reproductive condition of each individual collected will be noted. 
4. Special emphasis will be placed upon further defining the 
recognized benthic zones and identifying present and past changes. 
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FIGURE IE. 
BENTHIC INVERTEBRATE STATIONS 
o = Station number 
BENTHIC SEAGRASS COMMUNITIES 
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[8 Thalassia testudinum 
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F. FISHES 
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Introduction 
Ecological studies of fish from estuaries along Florida's West Coast 
have been surprisingly few. The most comprehensive of these were surveys 
conducted by Reid (1954), Kilby (1955), and Springer and Woodburn (1960), 
the latter involving the Tampa Bay region. This report presents results 
of a preliminary survey of the fishes of the Anclote River estuary, the 
initial effort of what will be the most comprehensive study of the ecology 
of a west coast estuary to date. 
A comprehensive survey of the fishes of a complex environment presents 
many problems which could not adequately be dealt with in this report. 
Some of these problems include sampling bias and methodology, and species 
identification, long and short range movement of both species and size 
classes within species (such factors as season, tide, temperature, salin-
ity, and time of day all effect fish movement). In addition, little is 
known of the biology of most species taken. Accordingly the objectives 
of this preliminary survey were as follows: to familiarize the researchers 
with the various habitats of the Anclote estuary and the sampling problems 
involved therein, to sample these habitats with conventional seines and 
trawls especially those areas likely to be affected by power plant con-
struction and operations, to identify the species collected and characterize 
the general features of the fish fauna of these habitats. 
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Location and description of the study area: 
Sampling stations were established throughout the Anclote region as 
illustrated in Figure IF. Numbers given to each location refer to specific 
collection numbers (Appendix IIF). Ecologically distinct benthic hahitats 
or zones were determined from benthic survey data and are illustrated in 
Figure IF. These zones formed the basis for habitat sampling and analysis . 
Descriptions of these benthic habitats are presented in the benthic ecology 
section of this report. 
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Material and Methods 
Seven collection trips were made to the study area from late August 
to mid-November. Dates for these trips are given on individual collec-
tion sheets (Appendix IIF). Each station illustrated in Figure IF was 
sampled one to three times. 
Trawling and seining were the sampling methods used during the survey. 
Trawling stations were made with 2.44 meter wide otter trawls (try nets). 
Seine hauls were made with either a 22.9 meter (1.27 cm. stretch mesh) 
beach seine or a 45.7 meter (2.54 cm. stretch mesh) bag seine. Figure IF 
and Appendix IIF give the direction and the duration of sampling (trawling 
minutes) for each trawl station. 
Physical parameters such as temperature, salinity, and depth were re-
corded at most stations by two different methods. During the early phase 
of the study these parameters were read directly from a model 513 (CM2) 
STD instrument. In the latter part of the study, salinity was measured 
with a refractometer and the refractive index was converted to salinity. 
Temperature was measured directly with a mercury bulb thermometer. Other 
parameters such as wind direction and speed, and tidal phases were noted. 
All fish collected were preserved in the field and transferred to the 
lab for identification. Each fish was identified to species and measured 
to standard length. Identification and counts were made for all species 
except juveniles of Eucinostomus which were neither counted nor measured. 
It is realized that the sampling strategy used in this preliminary 
report leaves much to be desired. However, since our objective was to get 
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a general picture of the fish fauna of the benthic habitats, emphasis was 
placed on widespread habitat sampling. The sampling methods were quite 
selective, tending to take only the small less maneuverable fish . In 
the future a much broader based strategy involving a variety of sampling 
techniques should improve both the qualitative and quantitative aspects 
of the sampl ing program. 
Comparison with other surveys reveals that al1. 64 of the species 
examined were recorded hy Springer and Woodburn (1.960) in Tampa Bay. 
Reid (1954) at Cedar Key recorded 57 of the Anclote species. Grimes 
(unpublished data) recorded 50 of the Anclote species at Crystal River. 
Lagodon rhomboides was found to be one of the most abundant spec ies 
in both Springer and Woodburn's study and the present study. They also 
recorded Bairdiella chrysura as being more abundant in the warmer months 
as the present study does. Orthopristis chrysopterus was abundant in 
the present and in Reid's study, but Springer and Woodburn found it less 
commonly. Springer and Woodburn found Eucinostomus argenteus to be more 
abundant in bayous, and ~. gula more abundant in more saline water. The 
present study found more ~. gula in the grass while E. argenteus was 
rather ubiquitous. The present study found Leiostomus xanthurus in the 
river area and Springer and Woodburn agree that after August it is re-
stricted to bayou areas. 
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Results and Discussion 
Physical Parameters: The results of the physical data collected are 
listed by collection in Appendix IIF. Temperatures during the study varied 
from 31.5 0 C (2 September) to 15.80 C (19 November). Three temperature 
phases were observed: 15 0 -18 0 C, 21 0 -24 0 C, and 27 0 -32 0 C. Salinities 
ranged from 1.9 0/00 (Collection 1) to greater than 40.0 0/00 (Collec-
tion 6). Other physical parameters are given in Appendix IIF. 
Collections: A total of 43 collections (Appendix IIF) were made 
during the study. Appendix IIIF lists by temperature phase, the zone 
from which each collection was taken and the type of sampling gear used. 
Faunal Analysis: Sixty-four species of fish, representing 36 families 
were collected during the study . Appendix IF lists the fish in systematic 
order and gives the total number of each species collected and the collec-
tion number in which each is found. Appendix IIF lists complete field 
data for each collection number. 
The most diverse family represented was the Sciaenidae (drums) with 
seven species recorded. The Syngnathidae (pipefishes and seahorses), 
Carangidae (jacks, scads, and pompanos), and Sparidae (porgies) were the 
next most diverse families with four species recorded for each. The 
predominant family by individual numbers was the Sparidae with 944 in-
dividuals recorded. 
Table 1 lists ( in order of decreasing abundance) the dominant species 
collected during the study and the zones in which they were found. 
These fish represent 757. of the total number of individuals collected. 
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Grass and sand habitats: Grass and sand were found to be the two 
major habitats in the area. They showed marked differences in both abun-
dance and diversity of fishes. Generally the grass areas had a greater 
abundance and higher species diversity. There were 46 species and 1,569 
individuals found in grass habitats while only 34 species and 365 individ-
uals found in sandy habitats. Table 3 lists the dominant species in each 
habitat. A river mouth habitat is included to show the large concentration 
of Leiostomus xanthurus (spot) present almost exclusively in this area. 
Lagodon rhomboides was most conunon in the grass habitat, while Ortho-
pristis chrysopterus was most conunon on. the sand. These two species were 
compared as to number of individuals and length frequencies in each habitat. 
Figure 3F indicates that the larger fish of each species was taken on sand , 
as opposed to grass. 
The collections within Zone VII were made at two locations (see 
Figure IF). The first of these was the area just west of Sunset Beach (a 
recent sandfill recreation area; Collections 19 and 43). The second was 
west of Rabbit Key in a relatively undisturbed area (Collections 20 and 42). 
The Rabbit Key location produced twenty species and 14.6 individuals per 
trawling minute, while the Sunset Beach location produced only fifteen 
species and 6.6 individuals per trawling minute. 
Zones VI, VII, and VIII (the zones adjacent to the construction site) 
were as a group more diverse and contai.ned a higher abundance than the 
other zones (see Table 2). They accounted for 721. of the number of individ-
uals collected and together produced an average of 9.9 individuals per 
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trawling minute. This is 501. greater than that of the next most populous 
zone. The number of species collected was likewise higher than any of 
the other zones. 
The upriver area, Zone IX, shows a very depauperate fauna which 
may be a function of sampling technique. 
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Table 1 . List of dominant species (in order of decreasing 
abundance) collected during the study. 
SPECIES . ZONES 
Lagodon rhomboides (pin fish) II, III, IV, V, VI, VII, VIII 
Bairdiella chrysura (silver perch) III, IV, V, VI, VII, VIII, IX 
Eucinostomus gula (silver jenny) II , III, IV, V, VI, VII, VIII 
Orthopristis chrysopterus (pig fish) III, IV, VI, VII, VIII. IX 
Eucinostomus argenteus (spotEin mojarra) II, VI. VII, VIII, IX 
Leiostomus xanthurus (spot) III, VIII 
Cyprinodon variegatus (sheepshead minnow) II , VI, VIII 
Variation in population density and diversity was found between the 
ecological zones (Figure IF) during the study. Table 2 lists total number 
of species, total number of individuals, and number of individuals per 
sampling effort for each of the zones samples during three temperature phases. 
Zones V, VI, VII, and VIII had the greatest species diversit y and abun-
dance per sampling effort (trawling minutes) as compared to Zones III, IV, 
and IX . These latter zones show high sampling effort and low density and 
diversity . A more specific analysis of abundance and diversity was not 
possible from this preliminary survey. 
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Seasonal variations in the number of individuals per trawling minute 
(effort) are given in Table 2. Zones III, V, and VI, showed a decrease while 
Zone IV showed an increase. Figure 2F illustrates the decrease in indivi-
duals captured per trawling minute as compared to a decrease in mean water 
temperature during the study. 
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ZONE 
I 
II 
-.J 
\..oJ 
III 
IV 
V 
VI 
VII 
VIII 
IX 
Table 2. Total number of species, total number of individuals, and number of individuals 
captured per sampling effort (trawling minutes) for nine ecological zones, 
Anclote area . (t - trawls, s - seine hauls) 
TOTAL TOTAL NO. IND . /TRAWL- NO. IND . /T. MIN. NO. IND./T. MIN. NO . IND. /T. MIN. TOTAL 
NO . NO . ING MINUTES (OR SEINE) (OR SEINE ) (OR SEINE ) NO. 
SPECIES INDIVI- (OR SEINE) TRAWLING 
DUALS OVERALL SUMMER TRANSITION FALL MINUTES 
2 4 4/s 4/s 
14 158 31.6/s 75/s 20.3/s 
23 232 3 .56/t 3.9/t 13 .5/t 1.29/t 65 
14 84 5 .6/t 2.8t 7/t 15 
18 242 6.57/t 17.1/t 1. 5/t 3.86/t 35 
32 925 61.67/s 55/s 77 /s 73 
(24t) (740t) 10.14/t 13.87/t 2.98/t 
(12s) (185 s) 
24 320 10.67/t 10 .55/t 10.8/t 30 
24 838 157.5/s 168 .5/s 146.5/s 25 
(16t) (208t) 8.32/t 8.32/t 
(18s) (630s) 
13 84 9.17/s 9.17/s 50 
(8t,6s) (55s) .58/t .58/t 
(29t) 
Table 3 . Dominant species (by number and percent) 
in grass and sand 
GRASS: 
SPECIES PERCENT FOUND IN GRASS 
1. Lagodon rhomboides 90% 
2. Bairdie11a chrysura 91% 
3. Eucinostomus gu1a 94% 
4. Orthopristis chrysopterus 41% 
5. Cyprinodon variegatus 66% 
6. Syngnathus floridae 9810 
7. Eucinostomus argenteus 27% 
8. Syngnathus scove11i 100% 
TOTAL 
10.0 ind. /trawl 
RIVER MOUTH: PERCENT FOUND IN RIVER 
Leiostomus xanthurus 98% 
SAND: 
SPECIES PERCENT FOUND IN SAND 
1. Orthopristis chrysopterus 46% 
2. Lagodon rhomboides 9% 
3. Mugi1 trichodon 96% 
4. Eucinostomus argenteus 12% 
5. Mugi1 cepha1us 78% 
6. Eucinostomus gu1a 3% 
7. Stephano1epis hispidus 10% 
TOTAL 
4.3 ind./traw1 
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NO. 
833 
248 
243 
86 
61 
54 
52 
42 
1,619 
min. 
156 
NO. 
98 
83 
72 
23 
11 
7 
6 
300 
min. 
Future objectives include: 
a) Sampling st.rategy; reduce sampling bias by including a v<iriety nf 
collecting methods (traps, chern-fi.sh !'>tations, trammel nets, fvke 
nets, angl ing, etc:: . ) , to standardize present sei nLng Bnd trawUllg 
techniques. and t.o determi.ne sampli.ng variabilit y and bias wi. tn 
each collecting method. 
b) Abundance and divers i.ty; determine the abundaoc(~ and divers tt y of 
fishes associated with the microenvironments in the Anclote es-
tuary and sources of variability (season, tide, temperature, tim~ 
of day, etc.), 
c) Ecology and life history; tn determine as much as possible about 
the hiology and feeding ecology of the individual :;pecies c,,11ectecl. 
d) Community roles; com; iderations of diversity, niche parameters. 
and trophic organi.zation of fish fauna at Anclote and i.ts relation-
ship t.o the community picture as a wh(lle. 
e) Production; estimates of biomass of fishes produced by :\nclote 
envir<mments especially those of commercial and spor-ts fishing 
impnrtance . 
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Conc lus ions 
1. Grass habitats showed greater diversity of species and number of 
individuals than sand habitats. 
2. Zones VI, VII, and VIII were found to have the greatest diversity 
of species and number of individuals in the study area. These 
zones are directly adjacent to the construction site. 
3. Zone VII showed a more depauperate fauna at the southernmost sampling 
station, where recent dredge and fill activity had occurred. 
4. Zone IX showed a highly depauperate fauna, however this may be due 
to sampling problems and will be investigated further . 
. 5. Sixty-four species representing 36 families were collected during 
the present study. All of these were reported by Springer and 
Woodburn (1960) from Tampa Bay. 
6. The six most abundant species collected were classified as food or 
game species, although not the most popular species to local sports-
men. 
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SUMMARY 
1. Sampling was limited primarily to the fall (September-November) 1970 -
a period of low rainfall and runoff. 
2. The flow during flood tide was generally northward in the Anchorage and 
predominated over the generally southward flow during ebb tide. 
3. The net northward flow in the Anchorage (except during periods of strong 
northerly winds) implies that Anchorage flushing is vigorous and that 
recirculation of thermal effluent will be minimal if the intake is at 
the south and the outlet at the north side of the plant site. 
4. There was a phase lag in tidal period between the Anclote River and 
the channel south of Anclote Key (marker 7x). This was instrumental 
in causing flow out the natural channel (marker 3x) north of the 
navigation channel during the early stages of flood tide. 
5. The highest surface temperature recorded (water depth greater than 51) 
(8/70) was 86.9or. This measurement was from the Anclote River 
(marker "2") where temperatures were sometimes 2.5Of warmer than 
surface temperatures in the Anchorage near the proposed outfall (Black & 
Veatch, 1970). Temperature varied along a transect approximating the 
proposed effluent axis from 29.0oc (84Op) inshore to 26.loC (790 F) 
in the Anchorage. 
6. The highest concentrations of dissolved nutrients, chlorophyll and 
organic coloring matter occurred in the Anclote River. 
7. During the sampling period the river contributed little to the 
enrichment of the Anchorage area. 
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8. The Anclote River appeared less eutrophic than the Alafia estuary, an 
area of Tampa Bay subject to high pollution. The Anclote River appeared 
more comparable to the Manatee River of lower Tampa Bay. 
9. Light transmissivity in the Anclote River was generally very low and 
was associated with high particulate load. Equally low or lower trans-
missivity readings may be found in parts of Anclote Anchorage (after 
periods of high onshore winds). Light transmissivity readings over 
grass beds were usually relatively high and were associated with lower 
particulate loads. 
10. Grass beds showed the highest diversity and abundance of plants and 
animals (fishes and invertebrates) and are by far the biologically 
richest areas sampled. 
11. Dense grass beds are located around the construction site to a water 
depth of six feet; very rich and extensive grass beds exist south of the 
Anclote River spoil islands in the vicinity of Rabbit Key. 
12. The area west of Howard Park, a recently dredged recreational area, is 
conspicuously depauperate in its fauna and flora and shows low light 
transmittance. Both characteristics are in marked contrast to nearby 
grass beds. 
13. By mid-November leaf die-back and loss of leaves had begun on the grass 
beds - a significant biological event in the seasonslity of the Anclote 
region. 
14. Collections of benthic algae suggested a definite pattern of seasonality 
in growth and abundance of most forms. 
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15. Concentrations of coliform bacteria during the sampling period 
indicate that water in the lower Anc10te River and Anchorage as 
"Class II" quality water (shellfish harvesting permitted). The 
river above the construction site would be classified as "Class III" 
quality water (no shellfish harvesting). 
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RECOMMENDATIONS CONCERNING POWER PLANT CONSTRUCTION AND DESIGN 
Because of the limited nature of the data available, the extreme complexity 
of the unique Anc lote environment, and the scare i.ty of comprehensive envi ronmenta 1 
studies of similar areas, we do not at present have the informat i on requ l red to 
make deta i led pred i ct i ons concerning the impact of each and every alternative of 
power plant construction des lgn. However, there are enough data from this area 
and from other studies for us to make general pred ictions and recotmlendations 
concerning the effects of the proposed power plant design upon the marine environ-
ment. Other di.scussions of the many aspects of power plant construction and 
thermal polLution have been given by Drenkel and Parker (1969a; 1969b) and 
Coutant and Brook (1970) . 
Another difficulty in discussing any environmental impact is the problem 
of assigning some standard of value to that environment. One alternative is to 
attempt to make a monet.ary assessment. This has been done for Boca. Ciega Bay in 
southern Pinellas County where each hectare (2.2 acres) has been assessed at 
$988.00 per. year (Taylor and Salomon, 1969). 
However, this strict accounting method does not cover all aspects of the 
problem. ~lr data indicate that grass beds are overwhelmingly the most important 
feature of the Anclote environment biologically. Areas lacking a grass substrate 
are conslderably less productive. One then should evaluate an area of grass beds 
in relation to the total amount of grass beds available (realizing that factors 
such as extent and location are also important), or in other words as an essen-
t ia lly nonrenewable, limi ted resource. For every unit lost, the va lue of the 
remaining uni.ts i.ncreases. 
The following discussion of alternative plans for power plant design 
suggests the outline of an independent method of placing a monetary value upon 
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the maintenance of an environment at a given level of change. We can start 
with the widely-held assumption that an alternative scheme yielding the least 
change costs more than a scheme giving the same results but causing more 
environmental change. This has not definitely been shown to be applicable 
in this instance and it is possible that low-cost, imaginative solutions causing 
little environmental degradation can be found. We will make the assumption in 
order to make a point. The next step is to deduct the cost of a cheaper 
alternative (which has a higher environmental impact) from the cost of a more 
expensive, environmentally less-damaging scheme. The net difference in con-
struction and operation costs apprOXimates the value of maintaining the 
environment at a more favorable level of change. In terms of electrical power 
plants, this represents decreased profit or the additional cost that may be 
divided among consumers. Each scheme would have some level of environmental 
change associated with it and the cost could be assessed of maintaining the 
environment at any given level of change. 
We feel that every possible environmental change should include a careful 
economic evaluation of that change. The aesthetic values of an environment 
are virtually impossible to quantify but are part of the determination of the 
level of environmental maintanance .desired and are excluded from the two 
evaluati.on methods previously discussed. Each alternative must be weighed in 
terms of cost, env i ronmental impact, and the public interest. Each decision 
must be made by means of public hearings and the evaluations of governmental 
agencies responsible to the public. It should be noted that the function 
relating cost to decreasing environmental impact may be exponential rather than 
linear. The assignment of values is difficult and costly in itself. None-
theless, it is vital responsibility Which must be incorporated into all 
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decision-making processes. Our recommendations have been made in terms of 
preserving the present marine environment virtually intact. 
Our recommendations are as follows: 
I. DREDGING 
A. ENVIRONMENTAL EFFECTS. While detailed studies of the effects of 
dredge and fill operations are limited, our results (Howard park 
area) and those of Taylor and Salomon (1969) in a similar area 
indicate that dredging and filling have a markedly adverse and 
lasting effect on the Anclote-type environment--- especially to 
the important grass bed areas. 
B. OUTLET DESIGN. Our recommendation is that dredging be avoided by 
using an aqueduct such as the one sketched in Figure IG. Advantages 
and disadvantages of a few possible outlet designs may be summarized 
as follows: 
1. Aqueduct. An aqueduct design is strongly recommended as it 
would carry the heated water over and beyond the grass beds 
adjacent to the shoreline of the power plant si.te. The seaward 
end of the aqueduct would be located at the seaward limit of the 
grass beds. At this point the water would be funneled into a 
submerged pipe and diffused by means of branching outlets or 
holes spaced along a single pipe (see Appendix II). The cooler 
water and higher current speeds found in the center of Anclote 
Anchorage would lead to relatively rapid dilution of the heated 
water and less chance of thermal additions to the water over the 
grass beds. Secondary advantages of this design could be realized 
by adding walkways to the sides of the aqueduct and openi.ng these 
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to the public for use as a fishing pier. The pilings upon which 
this structure is built would allow free water movement and, if 
high enough, would allow passage of small boats. These pilings 
might also become "mini-reefs." This design would take advantage 
of the bed rock which lies near the surface at the outlet site; 
alternative dredging schemes would require that it be blasted away. 
2. Dredged Channel. As originally proposed, this would cut through 
an area of grass beds, physically removing an area of grass equal 
to the channel and its adjacent spoil banks. In addition, the 
dredging would probably lead to siltation and increased water 
turbidity which would probably adversely affect grass beds over 
a wide area. A dredged channel with adjacent spoil banks has been 
presumed to be the least expensive type of outlet to build, but 
detailed cost estimates of all alternatives have not been made. 
3. Buried Pipe. This design would follow the route proposed for the 
dredged channel. It would physically remove a smaller area of 
grass beds because spoil would not lie adjacent to it. However. 
the effects of dredging operations (siltation and increased turbid-
ity) would be nearly the same as the dredged channel design. If 
spoil not required to back fill the trench were removed from the 
area, the absence of spoil banks would eliminate siltation from 
this source. In addition, there would probably be no change in 
present near-shore circulation patterns, and grassbed recoloniza-
tion would be a possibility. This design would probably be more 
expensive than a dredged channel and has been presumed to be less 
expensive than an aqueduct. However, we must reemphasize the 
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point that detailed cost estimates of all alternatives are not 
yet available. 
C. FUEL DELIVERY. The proposed inlet design for the Anclote power plant 
includes the dredging of a 15-foot deep channel from the plant site 
near the river mouth to a point at which IS-foot depths are encoun-
tered in the Gulf of Mexico. (The existing 8-foot channel would be 
deepened over part of the length of the proposed channel.) This plan 
is based upon the proposed method of delivering fuel via deep draft 
barges. The following alternatives should be investigated: 
1. Deliver fuel overland via railroad tank-cars or pipeline. Cost 
of the former method and practicality of the latter method of 
delivering Bunker C oil are not known at present, but both are 
recommended alternatives to the proposed dredging. 
2. Fuel delivery via barges having shallower drafts that permit use 
of the existing channel. This would lead to an increase in barge 
traffic beyond that already planned and would still require dredg-
ing of an access channel to the plant site and a turning basin on 
the site. This alternative is not recommended. 
D. COOLING WATER INTAKE. Even if alternative methods of fuel delivery 
not requiring dredging are employed at the Anclote site, there remains 
the problem of providing an intake for cooling water. Alternative 
designs for the intake are the same as for the outlet, ~.~., raised 
aqueduct, dredged channel, and buried pipe. Although difficulties 
are envisioned in employing the aqueduct design in this location for 
this purpose, it is recommended over uncontrolled dredging as it 
should result in less environmental change. 
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II. THERMAL DISCHARGE 
A. ENVIRONMENTAL EFFECTS. Given our present knowledge of the area, only 
general temperature standards can be set; however, information from 
several sources is applicable to this problem and must be considered. 
1. The marine fauna and flora of the Anclote region is transitional 
between tropical and subtropical. (See Hoover report, 1969.) 
2. In sub-tropical regions many organisms are living at temperatures 
near the upper limits of their thermal tolerance (Naylor, 1965). 
3. Many marine organisms have thermal tolerance limits between 310 
and 3S oC (880 -9S oF) (Bader et al., 1970; Hoover report, 1969). 
4. A thermal rise of 30 C (sor) over ambient water temperature was 
correlated with adverse environmental effects in Biscayne Bay, a 
tropical region (Roessler & Zieman, 1969; Bader et al., 1970). 
S. The seasonal temperature pattern of variability is important to 
many marine life forms (Strickland, in Krenkel and Parker, 1969a). 
B. GUIDELINES. These guidelines are considered minimal safeguards; 
further investigation should provide additional information as to 
specific temperature requirements. 
1. Allow no heated outflOW, to be released on the adjacent grass beds 
but release effluent in the deeper anchorage area to allow maximum 
mixing and dilution. 
2. At no time should the temperature of effluent at release to the 
environment exceed 9SoF (3SoC) and the mean diurnal temperature at 
release should not exceed 900 F (32 0 C). Given these upper thermal 
limits then mixing processes would probably insure protection of 
the valuable Thallasia-dominated grass beds which have thermal 
tolerance limits near 330 C. (Bader et al., 1970.) 
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3. Considering the importance of seasonable variability in the life 
cycle of many organisms and the indicated seasonal changes in the 
flora, some provision for thermal control of effluent below the 
above-indicated maxima should be considered. Appendix I indicates 
monthly temperature standards recommended i.n the Hoover report 
(1963) for South Florida by way of information. 
C. EFFLUENT DISCHARGE AND COOLING. Several design configurations such 
as a pipeline to the deep gulf, cooling ponds, and cooling towers are 
not considered at present because of very high costs or limited land 
area available. (Black & Veatch, 1970.) Some other design sugges-
t ions f 0 11 ow : 
1. Low thermal rise condensors or dilution techniques can limit tem-
perature rise at outfall to less than SOF. 
2. If outfall design such as that discussed in Appendix II is used, 
further analysis may indicate that a higher rise condensor may be 
feasible. 
3. If dilution of the heated effluent is required, investigate the 
possibility of using saline ground water as diluent. This may 
prove to be a source of nearly constant temperature water. During 
the summer when river water temperatures are highest and power 
demands are also high, the saline ground water might be consider-
ably cooler than the river water. Even if this shallow saline 
ground water cannot be obtained in sufficient volume to be used 
as sole diluent, it seems a potentially valuable supplement to 
river water diluent. This subject should be investigated by a 
hydrologist to assure that there is no involvement of the fresh 
water Floridian aquifer. 
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• 
FIGURE IG. 
ROUGH SKETCH OF POSS IBLE AQUEDUCT ARRANGEHENT FOR HEATED EFFLUENT 
-'----------------
APPENDICES 
APPENDIX I 
.9 
MONTHLY WATER TEMPERATURE LIMITS NOT TO BE EXCEEDED FOR SOUTH FLORIDA 
(As per Hoover Report, 1969) 
MONTH TEMPERATURE MONTH TEMPERATURE 
January 70°F July 90°F 
February nOF August 90°F 
° 90°F March 73 F September 
April 77°F October 81°F 
May 81°F November 77°F 
83°F ° June December 73F 
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APPENDIX II 
An outfall design 
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A suggested outfall is presented here in the form of a theoretical 
problem. The technique is to maximize the mixing with ambient water at the 
outfall. Since vertical mixing decreases with water column stability 
(i.e., hot water above cold water), thermal effluent should be discharged 
at the bottom of the water column so that its buoyant force can be used to 
increase vertical turnover and mixing. 
If a 6000' discharge pipe were embedded in the bottom of the channel 
west of north marker "3" where relatively strong currents (and turbulence) 
are found, and it were designed to discharge at a constant rate along its 
total length (various sized outlet ports spaced at regular intervals), then 
the amount of dilution at the outfall can be characterized as shown below. 
Since the water temperature near the proposed intake (Black and Veatch, 
1970), was generally warmer than that found in the Anchorage, the proposed 
110 F rise over the condensers is added to the intake temperature and is 
o 
considered to total 13 F above Anchorage temperatures. 
Assumptions 
1. For units 1 & 2: 608,000 gal. per minute once through condenser 
cooling system. (Black and Veatch analysis S-l, 4-24-70) 
2. A 6000 ft. submerged discharge pipe with small discharge ports 
closely spaced along its total length in 9 feet of water. 
3. Complete mixing within 100 yards of the pipe (we will later 
consider 50~ and 10~ mixing). 
4. Anchorage current velocities from .04 to .3 knots were taken from 
November 22 velocity transects west of north marker "3" (assume 
perpendicular to outfall pipe). 
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S. Conservation of heat is assumed (i.e. only dilution is considered) 
in a one-pass system. 
6. A maximum ambient temperature of 860 F is assumed for the Anchorage 
water. 2 A : Crossectional area of water above the pipe = 54,000 ft. 
7. De~~ity differences are negligible. 
Basic dilution equation: 
T' = 
where, 
T' = 
MI = 
Tl = 
M2 
TZ = 
From assumption 7, 
MI = 
VI 
where, 
A = 
v 
4t 
D = 
+ 
+ M 
2 
temperature of the water after di lution 
mass of ambient water 
temperature of ambient water 
mass of thermal effluent 
temperature of effluent 
V I (volume) and M = V2(volume). 2 
A·v, At and V .. - D· 2 At. 
54,000 ft. 2 
ambient water velocity through A, in kncts, 
I minute, and 
discharge rate = 608,000 gal./min. 
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( 1) 
Conversion factors: 
3 1 gal. = 0.134 ft. 
1 ft. 3/min. = lOl.3(ft. 2)(knots) 
By substitution (1) becomes: 
T' 
(A) (v) (10l.3)T1 + 0(0.134)T2 
(A) (v) (101.3) + 0(0.134) 
(2) 
One can consider the ~ mixing term in Table I in two ways: first it 
can represent a shorter pipe than 6000 ft. with 100% mixing, or it can 
represent a decrease in mixing efficiency due to engineering problems 
(outlet holes spaced too widely, etc.). Even though complete mixing may 
compensate for this since the Anchorage temperature at depth was generally 
o lower than 86 F.Also, the average current speed was closer to .1 knot 
than .04 knots so .04 represents a conservative estimate. 
No mention has been made of the fact that a certain portion of the 
Anchorage water will make more than one pass over the proposed outfall pipe, 
nor of the effects of evaporative and back radiative cooling especially at 
night. More information is required (fluorescene tracing, hydrodynamic and 
thermodynamic models) to account for these other factors. Since flushing 
seems quite good, it is felt that a design such as outlined above is an 
excellent approach to the problem of an Anchorage outfall. By maximizing 
the dilution at the outfall, ambient temperature rise is minimized. 
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T1(~) 
86 
86 
86 
86 
86 
86 
86 
86 
TABLE 1. TEMPERATURES AFTER DILUTION 
FOR VARYING INPUT PARAMETERS 
v 
--
T2(F) i. mixing 
.04 101 1.00 
.04 97 100 
.3 99 100 
.2 99 100 
. 1 99 100 
.04 99 100 
.04 99 50 
.04 99 10 
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T I (OF) 
90.07 
88.98 
86.61 
86.90 
87.68 
89.52 
91.55 
96.25 
APPENDIX I II 
A Tentative Proposal 
To 
Florida Power Corporation 
For 
Mariculture at Anclote 
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Introduction 
The utilization of heated effluents for mariculture has often been 
proposed as a possible beneficial use of thermal waste. To date however, 
little actual work has been undertaken in this regard. The potential of 
mariculture in terms of developing new sources of revenue as well as food 
items for an expanding population, while pertinent, needs little expansion 
here. The important point to consider is the role of scientific research 
in the use of heated effluents in mariculture. 
To date mariculture has been essentially extensive in nature, i.e., 
organisms are merely protected from their enemies and harvested when they 
reach marketable size under essentially natural conditions of food and range 
(or fed in bulk in a general way). There has been little ability to con-
trol the environment to any extent and growing seasons have been closely 
tied to ambient temperature regimes. The application of the concept of 
intensive farming would appear to offer the greatest potential for mari-
culture development at power plant sites. With a controlled environment 
plus carefully balanced completely artificial feeding, maximum growth rates, 
high densities and relative independence from seasonality would appear 
possible. Growth rates of such highly marketable specialty items as pompano, 
shrimp, and oysters have been shown to be quite high for short periods 
under experimental conditions. However, technical problems plus thermal 
regulation have greatly curtailed development especially of the off-season 
production potential. 
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The development of mariculture, especially of the intensive farming 
variety, requires extensive experimental groundwork by highly qualified 
personnel. This is particularly true of mariculture in connection with 
heated effluents at power plant sites. Considering its potential, sur-
priaingly little haa been done in terms of scientific research in many areas 
of mariculture development. This technological background is an essential 
requirement for full economic development in this area. 
The proposed power plant construction and site location at Anclote 
offer an excellent opportunity for developing a pilot program of rnariculture 
research and in addition can include valuable contributions to thermal pol-
lution studies. Some important factors to be considered are: 
a) Major contribution to research on the engineering 
and biological aspects of mariculture. 
b) Low construction cost, as ponds can be built and 
landscaped during major construction. Ponds will 
not be large, and will be used for experimental 
purpoaea onlyo 
c) Qualified scientific peraonnel available to super-
vise initial project. 
d) Program can aerv~ a8 a pilot project for evaluation 
of mariculture potential at future power plants or 
at existing ones, both here and around the country. 
It can a1ao serve as an initial step in the develop-
ment of full scale profit making mariculture operations 
at Florida Power Corporation. 
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e) Facilities may be used for thermal tolerance 
experiments. In many ways outdoor ponds better 
mimic the natural environment. This in Use If 
could justify the construction of the experi-
mental ponds. 
f) Public relations benefits! 
1. Contribution to Suncoast and Flori.da economi.c 
growth through development of mariculture. 
2. Enrichment of environment through beneficial 
use of heated effluents. 
3. Florida Power Corporation as a continued 
Florida and national leader in environmental 
development, conservation, and utilization 
of marine resources. 
4. Possible development of large scale mariculture 
operations by Florida Power Corporation. 
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Personnel 
As presently envisioned the personnel requirements for this project 
would develop as the scope of research and development expands. One such 
scheme is as follows: 
a) Initial over all supervision by Marine Science Institute 
faculty. (Summer salary only) 
b) Addition to M.S.!' staff of one full-time M.S. degree 
biologist with mariculture experience and interests. 
c) One graduate assistant (half-time); full-time in summer. 
This would constitute the initial phase, with pilot 
work being done in the outdoor facility at M.S.!. and 
continued after completion of the Anclote site. 
d) If large scale operations are considered then at least 
two additional positions could be added to the Florida 
Power Corporation staff at any time. 
1. A mariculture engineer, preferably with 
training in large scale mariculture operations. 
2. A mariculture apecialist especially with 
training in raising and handling juvenile and 
larval forms. 
e) A final goal might be a combination of Florida Power 
Corporation project personnel and M.S.!. research scientists 
continuing to develop a profit making operation. 
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Proposed initial site development at Anclote 
a) Construction of two or three concrete ponds 
measuring roughly 30' x IS' X 6' at deepest 
end. 
b) All ponds would drain into effluent either 
by gravity or active pu.ping. 
c) Pond intake accessible to both plant intake 
and outflow, using 3-5 horsepower electric 
motor-driven pumps with automatic thermostat 
control or other suitable pumping arrangement. 
d) Construction of small equipment storage facility. 
Major equipment can be stored at the Anclote 
lab facility. 
e) Large scale operations would entail a considerably 
expanded construction program and facility requirements. 
WI 
Equipment 
a) Equipment requirements would depend on the scope of 
the project. Initially equipment outlay for the 
Marine Science Institute would be low, probably less 
than $5000. 
b) Initial site development construction, pumping arrange-
ment, and storage facility coat would depend on final 
design and construction contracts for overall plant 
development. 
c) Initial equipment costs at Anc10te after site development 
would probably cost $5-8000 in the first year and les8 
than $5000 to continue operations on that scale. 
d) Development of a large scale maricu1ture operation 
later would require additional analysis at that ti ... 
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Proposed relearch areas 
a) Engineering studies 
1. Tank delign and inflow/outflow configurations 
2. Flow rate studies 
3. Temperature regulation 
b) Biological studies 
1. Suitable species (pampano. sea bass. sea cat, 
shrimp, oyster. etc.) 
2. Growth rates. diets, conversion efficiency, 
feeding schedules, etc. 
c) Economic studies 
1. Price and market characteristics 
2. Outlets, shipping and handling 
3. Optimum harveat weight 
4. Economic systems model for maximizing 
profit function for each species 
d) Thermal tolerance and stress studies 
e) Reproduction and larval rearing (if large scal. operations are planned) 
103 
Concluding ~.marks 
The construction of a power plant facility at Anclote offers a unique 
opportunity for the development of a research program in mariculture. The 
availability of heated effluents for thermal regulation make this one of 
the most promising areas for gainfully using thermal waste. In addition the 
Marine Science Institute is deeply involved in an environmental study of the 
region, and maricu1ture research can become an integral part of that study. 
This tentative proposal outlines the general scope of the initial 
work contemplated and possible future development. This proposal is tenta-
tive in nature and represents an initial outline only. If this proposal is 
favorably received by the management of the Florida Power Corporation 
further discussion and specific proposals will be forthcoming. 
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APPENDIX IV. Appendices for individual surveys 
B. PHYSICAL 
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APPENDIX lB 
STD and Current Data 
ANCLOTE RIVER STD SURVEY NO. 1 
Date: August 2B, 1970 
Times of Measurements: Begin 1343 
End 1625 
Tides: 0930 3.3 Ft. 
1635 0.3 Ft. 
Tidal Currents: Slack Water Time Max. Time Current Vel. ~Kts.) 
1623 BOB .7 E 
1932 .5 F 
Winds: Light and variable 
--
Skies: Clear 
--
STATION 
NO. TIME DEPTH SALINITY TEMPERATURE POSITIONS 
1 1343 0.0 25.9 29.2 F1 G 13 
3.0 2B.0 29.0 
4.3 27.3 29.2 
2 1400 0.0 27.0 30.0 Fl G 11 
3.0 2B.6 29.7 
5.9 2B.5 29.1 
3 1414 0.0 30.7 29.5 Red B 
3.0 33.4 29.0 
4.0 33.4 2B.9 
4 1430 0.0 33.6 29.9 Red 2A 
3.0 34.2 27.6 
5.0 34.4 29.4 
7.9 34.4 29.5 
5 1600 0.0 23.0 30.2 Red IB 
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ANCLOTE RIVER STD SURVEY NO. 1 
(Continued) 
August 28, 1970 
STATION 
NO. TIME DEPTH SALINITY TEMPERATURE POSITIONS 
5 3.0 23.1 30.3 
4.7 23.0 30.5 
6 1608 0.0 21.6 30.6 Gr 21 
3.0 21.1 30.5 
4.1 21.8 30.6 
7 1614 0.0 20.4 30.5 Gr 29 
3.0 20.6 30.6 
5.0 20.6 30.5 
6.2 20.6 30.5 
8 1620 0.0 18.9 30.5 Gr 35 
2.0 19.0 30.5 
9 1625 0.0 15.6 30.0 Gr 43 
3.0 16.0 30.0 
5.0 16.1 30.1 
6.0 16.0 30.0 
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ANCLOTE RIVER STD SURVEY NO. 2 
Date: September 16, 1970 
Times of Measurements: Begin work in Anc10te Anchorage 
Complete work in Anc10te Anchorage 
Begin work in river 
Tides: 
Complete work in river 
1230 
1829 
3.7 Ft. 
0.6 Ft. 
1233 
1417 
1430 
1514 
Tidal Currents: Slack Water Time 
1259 
Max. Time 
0950 
1550 
Current Vel. (Kts.) 
0.8 F 
Winds: 
--
Skies: 
STATION 
NO. TIME 
1 1233 
2 1242 
3 1252 
4 1302 
5 1317 
1917 
Light and variable 
Clear 
DEPTH SALINITY 
1.8 32.0 
1.8 32.8 
3.0 33.0 
1.8 32.8 
3.0 32.8 
8.0 32.6 
2.0 33.0 
4.0 33.0 
6.0 33.0 
1.0 33.2 
3.6 33.0 
4.0 33.2 
7.0 33.2 
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TEMPERATURE 
29.0 
29.0 
30.0 
29.0 
28.6 
28.5 
29.0 
29.0 
25.7 
26.1 
26.1 
26.1 
25.7 
1.2E 
POSITIONS 
See map for 
position 
ANCLOTE RIVER STD SURVEY NO. 2 
(Continued) 
September ~6, 1970 
STATION 
NO. TIME DEPTH SALINITY TEMPERATURE POSITIONS 
6 1342 1.0 32.8 26.1 
2.0 32.8 26.1 
6.0 32.8 26.1 
8.0 32.8 26.0 
7 l353 2.0 32.8 26.1 
3.8 32.8 26.1 
6.0 32.8 26.1 
8.0 32.8 26.1 
8 1404 2.0 32.6 26.1 
4.0 32.6 26.1 
5.0 32.6 26.1 
8.0 32.7 25.7 
9 1417 1.8 32.4 26.1 
3.0 32.4 25.7 
4.0 32.8 26.1 
10 1430 0.8 30.4 26.1 G 11 
4.0 31.0 26.1 
6.0 31.2 26.1 
8.0 33.2 26.1 
11.0 33.8 25.7 
11 1442 1.0 32.0 26.1 
3.0 32.0 26.1 
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ANCLOTE RIVER STD SURVEY NO. 2 
(Continued) 
September 16, 1970 
STATION 
NO. TIME DEPTH SALINITY TEMPERATURE POSITIONS 
12 1447 1.0 32.0 26.1 
2.0 32.0 26.1 
13 1456 1.0 31.2 26.1 G 13 
4.0 31.2 26.1 
6.0 31.8 26.1 
9.0 31.6 26.1 
14 1511 2.0 30.0 26.1 R 16 
4.0 30.8 26.1 
6.0 32.4 26.1 
8.0 33.2 26.1 
12.0 33.2 25.7 
15 1526 1.0 30.4 26.1 R 18 
4.0 30.8 26.1 
6.0 31.8 26.1 
8.0 32.6 25.7 
10.0 32.6 25.2 
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ANCLOTE RIVER STD SURVEY NO. 3 
Date: October 3, 1970 
Times of Measurements: Begin Anchorage measurements 
Complete Anchorage measurements 
Begin river measurements 
Complete river measurements 
Tides: 
Tidal Currents: 
Winds: 
0659 
1336 
1841 
-0.1 Ft. 
3.0 Ft. 
1.5 Ft. 
Slack Water Time 
1405 
Calm 
Max. Time 
1026 
1644 
1050 
1302 
1430 
1600 
Current Vel. (Kts.) 
0.6 F 
0.8 F 
1050 
1130 
1600 
Increasing to 12 knots westerly (estimated) 
Decreasing 
Skies: 
STATION 
NO. TIME 
Clear 
DEPTH SALINITY TEMPERATURE POSITIONS 
1 1040 Grapefruit drop 
25 E Mkr. 3 
2 1050 0.0 31.8 27.0 
2.0 32.4 26.0 
3.0 32.5 26.0 
4.0 32.5 26.0 
5.0 32.6 26.0 
6.0 32.6 26.0 
7.0 32.6 26.0 Bottom 
3 1l0s 0.0 32.1 26.5 
2.0 32.6 26.0 
3.0 32.5 26.0 
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ANCLOTE RIVER STD SURVEY NO. 3 
(Continued) 
October 3, 1970 
STATION 
NO. TIME' DEPTH SALINITY TEMPERATURE POSITIONS 
3 4.0 32.6 26.0 
5.0 32.6 26.0 
6.0 32.6 26.0 
7.0 32.7 26.0 
8.0 32.7 26.0 Bottom 
4 1120 0.0 32.2 27.0 
2.0 32.8 26.2 
3.5 32.8 26.2 
4.5 32.8 26.2 
5.0 32.8 26.2 
6.0 32.8 26.2 
7.0 32.8 26.2 
8.0 32.6 26.2 Bottom 
5 1135 1.0 32.4 27.0 
2.5 32.8 26.5 
3.5 32.8 26.5 
4.0 32.8 26.5 
5.0 32.8 26.5 
6.0 32.8 26.5 
7.5 32.8 26.5 Bottom 
6 1150 0.0 32.1 26.7 
2.0 32.3 26.3 
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ANCLOTE RIVER STD SURVEY NO. 3 
(Continued) 
October 3, 1970 
STATION 
NO. TIME DEPTH SALINITY TEMPERATURE POSITIONS 
6 3.0 32.2 26.3 
4.0 32.3 26.3 
5.0 32.3 26.3 
7 1215 0.0 32.2 27.0 
1.5 32.4 27.0 
2.5 32.8 26.5 
3.0 32.8 26.5 
4.0 32.8 26.4 
5.0 32.8 26.2 
6.0 32.8 26.1 
7.0 32.8 26.2 
8.0 32.8 26.2 8.5' Bottom 
8 1230 1.0 32.8 27.0 
2.0 32.8 26.8 
3.0 32.8 26.5 
4.0 32.8 26.8 
5.0 32.8 26.5 
5.5 32.8 26.5 
6.0 32.8 26.5 
6.5 32.8 26.5 
7.0 32.8 26.2 
8.0 32.8 26.2 8.5' Bottom 
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ANCLOTE RIVER STD SURVEY NO. 3 
(Continued) 
October 3, 1970 
STATION 
NO. TIME DEPTH SALINITY TEMPERATURE POSITIONS 
9 1245 1.0 32.8 26.7 
2.0 32.8 27.0 
3.0 32.8 26.7 
4.0 32.8 26.5 
5.0 32.6 26.5 
6.0 32.8 26.5 
7.0 32.8 26.5 
8.0 32.6 26.3 Bottom 
10 1302 0.0 32.8 26.7 
2.0 32.8 26.5 
2.5 32.6 26.5 
3.0 32.6 26.5 
4.0 32.6 26.5 
5.0 32.6 26.5 
6.0 32.6 26.5 
7.0 32.8 26.5 8' Bottom 
11 1430 0.0 27.2 28.5 G. "43" 
1.0 27.8 28.5 
2.0 28.0 28.0 
3.0 28.4 28.0 
4.0 28.2 28.0 
5.0 28.2 28.0 
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ANCLOTE RIVER STD SURVEY NO. 3 
(Continued) 
October 3, 1970 
STATION 
NO. TIME DEPTH SALINITY TEMPERATURE POSITIONS 
11 6.0 28.2 28.0 
6.5 28.4 28.0 
7.0 28.4 27.7 
8.0 28.4 27.5 
9.0 28.4 27.5 
10.0 28.4 27.5 11. 8' Bottom 
12 1453 0.0 28.6 28.0 12 "36" 
1.0 28.8 28.0 
3.0 29.0 28.0 
5.0 29.2 27.7 
13 1503 0.0 29.2 28.3 
2.0 29.8 28.0 G. "29" 
4.0 30.0 28.0 
6.0 30.0 27.7 
8.0 30.2 27.6 
9.0 31.0 27.5 
14 1517 0.0 28.8 28.0 Lagoon by 
chemical plant 
1.0 28.8 28.0 
2.0 29.0 28.0 
3.0 29.6 27.5 
4.0 29.7 27.5 
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ANCLOTE RIVER STD SURVEY NO. 3 
(Continued) 
October 3, 1970 
STATION 
NO. Tll1E DEPTH SALINITY TEMPERATURE POSITIONS 
14 5.0 29.6 27.7 
15 1545 0.0 31.0 28.0 G. "17" 
2.0 31.2 28.0 
4.0 31.2 28.0 
5.0 31.2 27.7 
6.0 31.3 27.5 
16 1555 0.0 31.0 29.0 Behind house -
shallow water 
17 1600 1.0 31.2 28.5 In front of 
house 
3.0 31.2 28.5 
5.0 31.2 28.0 
6.0 31.6 27.5 
8.0 31.6 27.5 
9.0 31.6 27.0 
12.0 31.4 26.5 Bottom 
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ANCLOTE CURRENT SURVEY NO. 2 
Date: November 15, 1970 
Times of Measurements: Begin 0851 
Tidal Currents: 
Winds: 
Skies: 
STATION NO. 
1 
2 
3 
4 
5 
6 
7 
End 1057 
Slack Water Time 
0741 
1353 
0850 - 0950 NNW 
1020 - 1100 NW 
Overcast 
TIME 
0851 
0904 
0926 
0952 
1020 
1035 
1057 
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Max. Time 
1038 
10 - 15 Kts. 
20 - 25 Kts. 
SPEED (Kts.) 
Neg. 
.06 
.06 
.952 
.387 
.184 
.062 
Current Vel. (Kts.) 
0.7 F 
DIRECTION 
46 0 
355 0 
3200 
980 
1200 
1200 
1200 
ANCLOTE CURRENT SURVEY NO. 3 
Date: November 22, 1970 
Times of Measurements: Begin 0820 
End 1649 
Tidal Currents: Slack Water Time Max. Time Current Vel. {Kts.} 
0705 1002 0.6 E 
1335 1632 0.4 F 
1923 2226 0.7 E 
Winds: From 1500 - 0 230 at 2 
- 3 Kts. 
Skies: Fair 
STATION NO. TIME SPEED (Kts.) DIRECTION 
1 0829 .275 245 0 
lA 1029 .131 265 0 
1B 1434 .188 0600 
2 1155 .050 295 0 
2A 1420 .044 065 0 
3 0854 .131 265 0 
4 1040 .050 2800 
5 1321 .075 035 0 
6 1449 .094 0600 
7 0921 .075 265 0 
8 1107 .050 275 0 
9 1333 .075 055 0 
10 1501 .100 067 0 
11 0937 .088 2180 
llA 1117 .006 Neg. 2700 
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ANCLOTE CURRENT SURVEY NO. 3 
(Continued) 
November 22, 1970 
STATION NO. TIME SPEED (Kts.) DIRECTION 
11B 1342 .094 030° 
26 0954 .038 257 0 
26A 1130 .006 Neg. Variable 
26B 1355 .088 030° 
26C 1522 .075 070° 
12 1001 .044 2100 
1ZA 1205 .025 2200 
12B 1412 .303 025 0 
12C 1649 .075 0500 
13 0922 .063 2400 
13A 1142 .044 2700 
13B 1351 .094 3500 
13C 1634 .338 3500 
14 0905 .075 1850 
14A 1121 .044 2700 
14B 1337 .253 0200 
14C 1624 .188 025 0 
15 0845 .050 1950 
15A 1103 .050 285 0 
15B 1324 .125 3600 
15C 1611 .000 1900 
16 0820 .100 2600 
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ANCLOTE CURRENT SURVEY NO. 3 
(Continued) 
November 22, 1970 
STATION NO. TIME SPEED (Kts.) DIRECTION 
16A 1042 .125 2500 
16B 1305 .025 2200 
16C 1551 .413 085 0 
17 0822 .100 1800 
18 0836 .088 2100 
18A 1030 .075 235 0 
18B 1245 .000 No reading 
18C 1427 .263 015 0 
19 0845 .063 2100 
19A 1040 .150 2000 
19B 1300 .025 3300 
19C 1440 .300 0100 
20 0900 .100 205 0 
20A 1100 .075 1950 
20B 1310 .063 015 0 
20C 1455 .150 3500 
21 0906 .144 1900 
2lA 1120 .200 1850 
21B 1325 .069 3600 
21C 1530 .113 015 0 
22 0917 .138 2100 
22A 1127 .144 215 0 
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ANCLOTE CURRENT SURVEY NO. 3 
(Continued) 
November 22, 1970 
STATION NO. TIME SPEED (Kts.) DIRECTION 
22B 1332 .063 0200 
22C 1535 .500 055 0 
23 0940 .131 2000 
23A 1145 .050 225 0 
23B 1344 .094 0200 
23C 1550 .350 045 0 
24 0958 .000 No reading 
24A 1159 .000 No reading 
24B 1400 .025 0100 
24C 1602 .025 0300 
25 1019 .088 2000 
25A 1215 .094 0100 
25B 1415 .088 005 0 
25C 1616 .188 3600 
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c. WATER QUALITY 
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APPENDIX TABLE lC 
NUTRIENT CONCENTRATIONS IN THE ANCLOTE AREA, FALL 1970 
Ammonia Plus Amino 
Nitrate-Nitrogen Acid-Nitrogen Silicate-Silicon Orthophosphate-phosphate 
xlo-~pm xl0-2ppm xlO-~pm xlo-~pm 
Station Sept Oct Nov Sept Oct Nov Sept Oct Nov Sept Oct Nov 
IS 5.38 4.90 6.87 8.33 0.00 ND 41.4 17.8 33.9 2.6 4.2 4.8 
B 1.60 0.71 2.69 10.31 4.18 ND 25.4 12.5 38.9 2.7 2.2 4.8 
2S 3.28 4.39 5.81 7.20 0.13 ND 33.3 6.4 17.7 1.5 2.0 1.9 
B 3.45 0.47 0.72 9.16 4.69 ND 12.8 4.7 14.7 1.0 1.9 1.2 
3S 0.44 3.40 4.92 3.74 0.10 ND 11.9 6.1 14.7 0.4 0.8 1.0 
B 0.48 0.73 0.64 4.71 0.80 ND 14.9 5.8 13.6 0.6 1.0 0.7 
4S 8.97 3.m 7.36 2.10 0.10 ND 13.7 7.5 11.5 0.2 0.6 0.7 
B 0.38 0.53 0.41 10.02 4.09 ND 10.9 6.4 8.8 0.4 2.0 0.6 
5S .0.60 0.72 0.44 U.'1'2- U.1.U .NlJ 10.9 11.1 2.4 0.3 0.6 0.5 
B 0.89 0.68 0.40 5.61 0.29 ND 15.3 9.7 5.9 1.1 0.8 0.6 
6S 0.64 0.69 2.90 5.63 0.10 ND 18.3 9.2 10.6 0.3 0.6 1.6 
B 0.52 1.52 0.51 1.16 0.00 ND 8.5 9.5 9.1 0.6 1.0 0.5 
7S ND 0.69 1.05 ND 0.20 ND ND 7.8 7.4 ND 0.6 0.5 
B ND 0.62 0.59 ND 0.14 ND ND 7.S 9.7 ND 0.7 0.5 
8S ND 0.80 0.39 ND O.TO 1m ND 7.2 6.5 ND 0.8 0.6 
B ND 0.59 0.32 ND 0.16 ND ND 10.3 5.9 ND 0.8 0.4 
9S 1.28 0.87 0.37 0.17 O.UU- ~ 13.8- 13.4 8.5 T 0.9 0.5 
B 0.66 0.51 0.27 4.32 0.57 ND 16.2 10.3 7.6 0.5 0.7 0.5 
lOS 0.57 0.57 0.88 ';J.·fU U • .L.J .NlJ 12.2 1.U.j 'f .4 U.;G U.b U.b 
B 0.71 0.82 0.21 8.67 0.00 ND 15.9 11.1 7.4 0.2 0.7 0.5 
lIS ND 0.59 . 1.)3 !~U .L.zer lUJ ND 8.6 10.6 ND 1.0 1.3 
B ND 0.54 0.40 ND 1.56 ND ND 28.9 7.1 ND 1.0 0.5 
12S g~~~ U.')'1 u.39 U • .)j 3.55 ND 6.8 7.8 8.0 T 1.0 0.6 B 0.63 0.30 3.82 0.50 ND 10.0 11.4 8.8 0.9 0.9 O. '5 
13S ND 0.56 ND ND 0.13 ND ND 4.5 ND ND 0.9 ND 
B ND 0.48 ND ND 2.39 ND ND 5.0 ND ND 0.9 ND 
13AS ND ND 0.37 ND ND ND ND ND 8.2 ND ND 0.5 
--B ND ND 0.24 ND ND ND ND ND _'Z~1 ND ND O~L.. 
14S ND 0.75 0.39 ND 0.05 ND ND 7.8 6.8 ND 0.7 0.4 
B ND 0.61 0.19 ND 1.32 ND . ND 13.1 7.6 ND 1.1 0.4 
S=Surface B=Bottom ND=No Data T=Trace Quantities «O.lxlO-~pm) 
Station locations and descriptions in Appendix Table 4C 
APPENDIX TABLE 2C 
CHLOROPHYLL-A AND PHAE~PIGMENTS IN SURFACE WATERS OF THE ANCLOTE REGION, FALL 1970 
CHLOROPHYLL-A (mg/m3 ) PHAEO-PIGMENTS (mg/m3 ) 
Station Se tember October November Se tember October November 
1 15.4 25.6 7.0 8.0 0.0 1.1 
2 15.4 15.5 11.2 8.0 3.7 0.5 
3 10.7 12.8 4.8 3.7 2.7 2.1 
4 4.3 7.7 7.5 17.6 3.2 0.0 
I-' 0 16.6 3.2 3.2 0.0 1.6 1.1 t·.:', ~y, 
6 8.5 207 10.7 3.7 3.2 2.7 
7 ND 2.7 5.3 ND 0.5 1.6 
@ ND 2.1 4.3 ND 2.1 2.7 
® 13.9 5.4 4.3 4.3 2.1 0.0 
@ 13.4 4.3 3.2 6.9 0.0 0.0 
(YJ ND 3.2 4.8 ND 1.1 3.2 
12 5.3 1.6 2.7 3.3 2.7 1.1 
13 ND 6.8 ND ND 0.0 ND 
13A ND ND 2.7 ND ND 1.1 
14 ND 7.3 2.1 ND 0.0 0.5 
APPENDIX TABLE 3C 
PHYSICAL DATA FOR WATER QUALITY STATIONS IN THE ANCLOTE AREA, FALL 1970 
Salinity Water Temp Secchi Depth Water Color (Absorbance Suspended Solids 
(0/00) (OC) (m) 10 cm path, 40000 A) (dry weight-mg/l) 
Station Sept Oct Nov Sept Oct Nov Sept Oct Nov Sept Oct Nov Sept Oct Nov 
1 S 26.9 29.6 24.8 29.5 26.0 19.3 1.1 1.6 1.9 .257 .090 .249 10.68 21.62 16.16 B 26.9 28.0 23.7 28.9 26.1 19.3 .273 .168 .107 6.84 14.16 15.72 
2 S 24.0 29.0 ND 29.8 25.6 19.5 1.1 1.4 2.0 .310 .050 .158 14.87 23.22 15.60 B 27.0 32.3 26.4 29.4 25.5 19.5 .237 .136 .081 9.01 19.28 8.04 
3 S 29.0 30.1 29.1 29.3 25.2 19.7 1.5 1.6 1.9 .134 .061 .081 4.54 24.00 7.92 B 30.0 30.1 26.9 29.0 25.2 19.5 .115 .115 .079 6.ll 18.10 6.42 
4 S 32.8 31.2 31.7 29.1 25.0 20.3 1.3 1.7 2.4 .115 .052 .058 21.62 22.20 11.68 B 32.8 32.3 28.0 28.9 25.1 19.3 .109 .109 .053 9.22 15.94 6.96 
5 S 33.7 34.5 32.3 28.2 24.6 19.6 1.4 1.8 3.4 .068 .043 ND 15.36 19.38 16.30 B 34.5 34.5 32.3 28.2 24.5 18.5 .055 .056 .030 37.04 34.4.2 13.86 
6 S 34.0 35.0+ 32.3 28.2 25.0 19.1 1.8 2.2* 2.1* .044 .030 .089 9.68 19.54 7.66 B 34.5 33.4 31.8 28.5 25.0 18.9 .049 .046 .042 9.88 17.02 16.64 
7 S ND 36.6+ 33.4 ND 25.0 19.0 ND 2.7 1.5 ND .009 .111 ND 18.42 15.86 B ND 3Lr.i 31.8 ND 24.7 18.4 ND .OJ7 .031 ND 15._<t8 17.62 
8 S ND 35.5+ 32.3 ND 24.8 19.6 ND 2.0* 2.1 ND .031 .035 ND 18.08 17.10 B ND 34.5 31.8 ND 25.0 18.8 ND .066 .029 ND 14.34 18.54 
9 S 32.3 33.9 31.8 28.5 25.0 19.5 1.4 1.5 2.3* .105 .034 .035 12.44 12.16 6.32 B 31.7 34.5 31.8 28.2 25.0 18.9 .079 .055 .031 22.50 9.30 16.20 
10 S 32.8 35.0+ 29.6 28.9 25.3 20.6 1.4 1.2* 1.1* .082 .079 .049 11.12 12.98 19.28 B 32.8 33.9 28.0 28.5 25.4 20.0 .085 .088 .073 31.68 13.04 41.12 
11 S ND 33.9 32.3 ND 24.9 19.0 ND 2.1 2.4 ND .063 .039 ND 30.20 18.14 B ND 33.4 31.8 ND 24.8 18.5 ND .061 .044 ND 16.10 11.12 
12 S 33.4 32.9 31.8 28.9 24.5 19.0 1.8 3.1 2.6* .054 .047 .032 7.62 19.28 9.54 B 34.0 32.3 32.3 28.5 24.5 19.0 .059 .039 .034 9.54 17.26 211._.-'16 
13 S ND 32.3 ND ND 24.2 ND ND 2.4 ND ND .020 ND ND 17.90 ND B ND 36.1+ ND ND 24.2 ND ND .042 ND ND 18.88 ND 
13 as ND ND 33.9 ND ND 18.9 ND ND 2.1 ND ND .025 ND ND 17.82 B ND ND 32.9 ND ND 18.4 ND ND .022 ND ND 18.20 
14 S ND 32.3 33.4 ND 25.0 20.0 ND 1.4 1.7* ND .084 .020 ND 18.58 13.22 B ND 26.9 29.6 ND 25.2 19.3 ND .079 .039 ND 15.30 9.28 
S=Surface B=Bottom ND=No Data *=Secchi Dish on Bottom +=Questionable Refractometer Readings 
APPENDIX TABLE 4C 
WATER QUALITY STATION. LOCATIONS IN THE ANCLOTE AREA 
Station Location 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
13A 
14 
Description 
Alt 19 bridge over Anclote River - center of passage 
Anclote River QK FL R "36" channel marker 
Anclote River red channel marker "16" 
Anclote River channel marker FL G "9" 
Anclote River channel marker FL G "1" at end of channel 
Anclote anchorage marker "7x" 
Anclote anchorage marker "5x" 
South of anchorage, 0.6 miles east of marker FL "39 11 
in line with north end of sunset beach 
Anclote anchorage marker "3 11 
Anclote anchorage, midway on line between marker 113 11 
and the union tower 
Anclote anchorage marker 11111 
Anclote anchorage FL R "6" 
0.1 miles NW of north Anclote Key 
1.4 miles NW of north Anclote Key 
Anclote anchorage, 0.7 miles SE of marker 11111 
in line with the union tower 
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APPENDIX IF. Checklist of species collected, including total number of each 
species and the collection number in which each is found. 
SCIENTIFIC NAME 
Sphyrnidae (hammerhead sharks) 
Sphyrna tiburo (bonnethead) 
Dasyatidae (stingrays) 
Dasyatis sabina (Atlantic stingray) 
Gymnuridae (butterfly rays) 
Gymnura micrura (smooth butterfly ray) 
C1upeidae (herrings) 
Harengu1a pensaco1ae (scaled sardine) 
Opisthonema oglinum (Atlantic thread herring) 
Engrau1idae (anchovies) 
Anchoa mitche11i (bay anchovy) 
Synodontidae (lizardfishes) 
Synodus foetens (inshore 1izardfish) 
Ariidae (sea catfishes) 
Ga1eichthyes fe1is (sea catfish) 
Batrachoididae (toadfishes) 
Opsanus beta (Gulf toad fish) 
Be10nidae (need1efishes) 
Strongylura notata (redfin needle fish) 
Hemiramphidae (ha1fbeaks) 
Hyporhamphus unifasciatus (ha1fbeak) 
Cyprinodontidae (ki11ifishes) 
Cyprinodon variegatus (sheepshead minnow) 
Fundulus grandis (longnose killifish) 
Fundulus simi lis (Gulf killifish) 
Atherinidae (si1versides) 
Menidia bery11ina (tidewater si1verside) 
Syngnathidae (pipefishes & seahorses) 
Syngnathus f10ridae (dusky pipefish) 
Syngnathus scove11i (Gulf pipefish) 
Syngnathus louisianae (chain pipefish) 
Hippocampus ~. (seahorse) 
Micrognathus crinigerus (insular pipefish) 
130 
TOTAL NO. 
COLLECTED 
1 
4 
1 
41 
4 
5 
16 
1 
3 
5 
1 
93 
27 
47 
1 
55 
42 
2 
3 
1 
COLLECTION NO. 
9 
13, 23, 26 
13 
5, 9, 21 
21 
9, 43 
1,6,7,10,13,14,18, 
20,21,25,26,27,33, 
37 
1 
13, 20, 23 
23, 25 
25 
11, 15, 16, 23 
5, 15 
11, 16, 23 
11 
6,8,14,19,20,32, 
33,39,42,43,37 
6, 8, 38, 40 
29, 33 
19, 23, 33 
33 
-
SCIENTIFIC NAME 
Scorpaenidae (scorpionfishes & rockfishes) 
Scorpaena brasiliensis (barbfish) 
Trig1idae (searobins) 
TOTAL NO. 
COLLECTED 
1 
Prionotus tribu1us crassiceps (bighead searobin) 1 
Mugi1idae (mullets) 
Mugi1 trichodon (fantail mullet) 
Mugi1 curema (white mullet) 
Mugi1 cepha1us (striped mullet) 
Carangidae (jacks, scads, & pompanos) 
Ch1oroscombrus chrysurus (bumper) 
01igop1ites saurus (leatherjacket) 
Selene vomer (lookdown) 
Trachinotus fa1catus (permit) 
Leiognathidae (mojarras) 
Eucinostomus gu1a (Silver jenny) 
Eucinostomus argenteus (spotfin mOjarra) 
Eucinostomus~. (juveniles) 
Echenidae (remoras) 
Echeneis naucrates (sharksucker) 
Serranidae (sea basses) 
Centropristes me1anus (southern sea bass) 
Dip1ectrum formosum (sand perch) 
Sciaenidae (drums) 
Leiostomus xanthurus (spot) 
Menticirrhus foca1iger (minkfish) 
Bairdie11a chrysura (silver perch) 
Cynoscion nebu10sus (spotted seatrout) 
Cynoscion arenarius 
Pogonias cromis (black drum) 
Sciaenops oce11atus (redfish) 
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75 
2 
14 
2 
9 
1 
1 
259 
192 
1 
7 
4 
159 
1 
272 
37 
9 
1 
1 
COLLECTION NO. 
21 
23 
11, 17, 23, 27 
23 
11,23,24,25,26 
9, 43 
5,11,16,23,24 
9 
15 
7,8,9,13,14,15,16, 
17,18,19,21,22,23, 
24,25,26,27,29,32, 
33,35,37,40,42,43 
1,5,11,13,15,16,17, 
18,23,25,26,27,33, 
42 
6,8,13,14,20,37 
1 
14, 19, 20, 30, 42 
19, 29, 43 
7)9,15,17,26,27 
39 
14,15,20,29,33, 
36,42,43 
6, 8, 10, 13, 14, 
15, 20, 23 
7, 9 
2 
26 
SCIENTIFIC NAME 
Sparidae (porgies) 
Archosargus probatocepha1us (sheepshead) 
Dip10dus ho1brooki (spottai1 pinfish) 
Lagodon rhomboides (pinfish) 
Calamus arctifrons 
Lutjanidae (snappers) 
Lutjanus griseus 
Lutjanus synagris 
Pomadasyidae (grunts) 
Haemu10n p1umieri 
(grass porgy) 
(gray snapper) 
(lane snapper) 
(white grunt) 
Orthopristis chrysopterus (pig fish) 
C1inidae (c1inids) 
Parac1inus marmoratus (marbled b1enny) 
B1ennidae(combtooth b1ennies) 
Hypsob1ennius hentzi (feather b1enny) 
Chasmodes saburras (Florida b1enny) 
Labridae (wrasses) 
Lachnolaimus maximus (hogfish) 
Scaridae (parrotfishes) 
Nicholsina usta (emerald parrotfish) 
Ephippidae (spadefishes) 
Chaetodipterus faber (Atlantic spade fish) 
Bothidae (lefteye flounders) 
TOTAL NO. 
COLLECTED 
4 
1 
926 
13 
13 
8 
21 
212 
1 
2 
3 
9 
1 
2 
Paralichthys albigutta (Gulf flounder) 
Ancylopsetta guadrocellata (oce1lated flounder) 
2 
1 
Soleidae (soles) 
Achirus lineatus (lined sole) 4 
Cynoglossidae (tongue fishes) 
Symphurus plagiusa (blackcheek tonguefish) 2 
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COLLECTION NO. 
4, 9, 13, 37 
25 
6,7,8,9,10,12,13, 
14,15,17,19,20,21, 
33,23,25,26,27,28, 
29,31,33,36,37,38, 
40,41,42, & 43 
6, 8, 18, 25, 40, 
41, 19, 20 
20, 33, 38, 42 
20, 40, 42 
6,20,33,38,40,42 
4,5,6,7,8,9,10,12, 
13,14,15,19,20,21, 
25,26,29,30 , 33,42, 
43 
20 
10, 38 
6, 10, 38 
6, 8, 12, 14 
20 
4, 10 
7, 25 
7 
1, 10, 33 
7 • 
TOTAL NO. 
SCIENTIFIC NAME COLLECTED 
Ba1istidae (triggerfishes & fi1efishes) 
Stephano1epis hispidus (p1anehead fi1efish) 63 
Monacanthus ci1iatus (fringed fi1efish) 18 
Tetradontidae (puffers) 
Sphaeroides nephe1us (southern puffer) 16 
Diodontidae (porcupinefishes) 
Chi10mycterus schoepfi (striped burrfish) 19 
Ostraciidae (trunkfishes) 
Acanthostracion quadricornis (cowfish) 9 
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COLLECTION NO. 
10,12,14,20,21, 
22,33,34,37,38, 
39,40,41,42,43,19 
6, 14, 20, 21, 
33, 38, 42, 43 
26,32,33,38,40 
6, 8, 10, 12, 31, 
15, 20, 27, 42, 29, 
36, 37, 40, 41, 43 
6, 21, 38 
APPENDIX IIF. Results of each collection, including 
field data and individual species 
information. 
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Length Frequencies 
A length frequency was determined fo r each of 20 species of which 
15 o r more individuals were collected. These 20 species are shown 
below in s ystematic order with l ength fre quency diagrams. All graphs 
are drawn to the same scale, us in g 10 mm leng th c las ses . 
en 
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(dus ky pipefish) 
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Eucinostomus gula 
(silver jenny) 
259 individuals 
Eucinostomus argenteus 
(spot fin mojarra) 
192 individuals 
Note : similarity of size 
distribut ion of the 
two Eucinos tomus .s pec ies 
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Haemulon plumieri (:5 l~tyj (white grunt) 
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LENGTH ( ... ) 
Length Frequencies - Cont. 
Sphaeroides nephelus 
(southern puffer) 
16 individuals 
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Co llec t ion: 
Date: 8/31/70 
Time: 1200-1245 
Location: Anclote River, starting ~ km above railroad. 
Method: Otter trawl (Two 10-minute trawls) 
Hydrographic Data: 
S 
o 
Depth (m) 
M 
2 
B 
4 
Temperature (oC) 
S M 
28 28 
B Air 
28 31 
Remarks: Combined catch of two 10 -minute trawls; 
both fouled on oyster bar. 
Species List: 
Synodontidae 
Synodus foe tens 
Ariidae 
Galeichthyes felis 
Leiognathidae 
Eucinostomus argenteus 
Echenidae 
Echeneis naucrates 
Soleidae 
Achirus lineatus 
No. Collected 
1 
1 
20 
1 
Salinity (0/00) 
S M 
1.9 2.0 
B 
2.1 
Length (1lIll) 
204 
375 ~ 
e 15~ > 0 
~ 5 
f:; )0 50 70 
LENGTH (mm) o 
z 
106 
45 
Collection: 2 
Date: 
Time: 
Location: 
Method : 
8/31/70 
1300-1310 
Anclote River, between Highway Alt . 19 bridge and 
railroad trestle heading west . 
Otter trawl (lO-minute) 
Hydrographic Data: 
Depth (m} Tem2erature (Oq Salinity 
S M B S M B Air S M 
0 ~ lz 30.25 28 . 25 28.25 30 . 5 12 . 0 18 . 2 
Remarks: Rough bottom, possible oyster bed; typically packed sand. 
Species List: 
(OlOO} 
B 
18 .8 
No. Collected Length (DDll} 
Sciaenidae 
Pogonias cromis 285 
Collection: 3 
Date: 8/31/70 
Time: 1410-1420 
Location: Anclote River from Harker 48 to flarker 39. 
Hethod: Otter trawl (lO-minute) 
Hydrographic Data: 
Depth (m) TemEerature (0C) Salinity 
S H B 5 fl 8 Air 5 H 
0 11; 31; 31.2 29.0 29.2 38 5 . 6 25.5 
Remarks: No fish caught. 
(OLOO) 
B 
29.1 
Collection : 4 
Date : 8/31/70 
Time: 1530-1540 
Location: Anclote River from f~rker 28 to 22. 
Hethod: Otter trawl (lO-minute) 
Hydrographic Data: 
Depth (m) Temperature (oC) 
5 
o 
Species List: 
Sparidae 
B 
3 
S 
31.0 
Archosargus probatocephalus 
Pomadasyi<lae 
Orthopristis chrysopterus 
Ephippidae 
Chaetodipterus faber 
H 
29.3 
B 
29 .1 
No. Collec ted 
Salinity (OLOO) 
S H B 
10.2 26 28.9 
Length (mm) 
159 
160 
69 
Co llection: 
Date: 8/31/70 
Location: Anclote River, beach south of Marker 39 . 
Me th od: Beach seine 
Remark s : Hyd rog raphic data not collected; refer t o data fo r 
Collec tion 3. 
Species Li s t: 
C1upeidae 
Ha rengula pensaco l ae 
Cyprinodont idae 
Fundulus grandis 
Carangidae 
Oligop l ites saurus 
Leiognathi dae 
Eucinos tomus argenteus 
No . Co ll ec ted 
39 
Length (mm) 
~200rr 
::; 10 
:: 5 
1:; 
o 
z 
50 70 
LENGTH (nm) 
60 
61 
44, 48 , 52, 54, 
56, 57, 57 
Collect i on : Cont . 
Spe ci e s Li st: 
No : Collec ted Leng th (nun) 
Sc i aenidae 
Bairdiella chry s u ra 4 52, 59, 80, 123 
Pomadasyi da e 
Orthoprist i s chrysopteru~ 60, 61, 68 
Co llection: 6 
Date: 9/2/70 
Time: 1050- 1100 
Locat ion : From "Cut A" r ange marker northwest paralle l to shore 
about 100 m. offshore. 
~lethod: Otter trawl (lO-minut e) 
Hydrographic Data: 
DeEth (m) TemEe rature (0C) Sa li.n it~ (0/00) 
~1 B 5 f1 B Air 5 N B 
0 1; 1 31. 0 30.0 30.0 30. 0 40.0 33.2 31.0 
Remarks: . Trawl made through g rass bed; tide flooding . 
Species Li s t: 
Synodontidae 
Synodus foe t ens 
Syngnathidae 
Syngnathus floridae 
Syngnathus scove lli 
Leiognathidae 
No. Collected 
12 
8 
Eucinostomus ~. (juveniles) 
'" z ~
"-0 
0 
z 
Length (nun) 
207 
b r=n 
100 120 140 160 
LENGTH (mm) 
SO, 56, 63, 64, 
66, 67, 68, 74 
Co llection : 6 - Cont. 
Species List: 
Name 
Sc iaenidae 
Bairdiella chrysura 
Cynoscion nebulosus 
Spa ridae 
Lagodon rhomboides 
Ca lamus arc t ifrans 
No . Co llected Leng til (rrrn) 
30 
109 Vl 
..:l ~ 
:3 20 -e r-
> ;:; 10 ~ t--= 5 "- h 0 ~ 
0 20 40 60 80 120 
z LENGTH (llID) 
0 
h--n 14 = 5 "- r=r=l=1 0 
0 40 60 80 
z LENGTH (llID) 
77 30 r--
Ul -
..:l 
...: 
=> 20 
'" ~ ;:: 
'" 
10 
= rhr> 5 "-0 
0 50 T.~?NGn?0(llID/ 10 130 
z 
3 95, 116, 160 
-
Collection: 6 Cont . 
Species List: 
Pomadas y idae 
Haemulon plumie r i 
Orthopristis ch rysopte ru s 
Blennidae 
Ch asmodes saburrae 
Labridae 
Lachnolaimus maximu s 
Ba listidae 
Honacanth us ciliatus 
Tetradontidae 
Sphaeroides nephelus 
Diodontidae 
Chilomyceterus s choepfi 
Os t rac i idae 
Acanthostracion guadricornis 
No . Co llec t ed 
8 
15 
2 
Length (mm) 
30, 31, 33, 33, 
35, 35, 36 , 37 
" ~ [0 hili-"" 5 0 ci 
:z 5&Ncf~ (mm' 
41 
103, 120 
36 , 44 
71 
64 
19, 21 
Co llection : 
Date : 
Time: 
Location : 
flethod: 
9/2/70 
123 5-1245 
South s id e of Anc l ote River be hind i s l ands , starting 
100 m southwest from Harke r 18, heading southeast. 
Otter trawl (lO-minute) 
Hyd r ographic Data: 
De~th (m) Temperature (0C) Salinity (0/00) 
S fl B S H B Air S H B 
0 J:; l; 31 30.5 30.2 32 24.2 29 . 2 29.9 
Remarks :. This is in the mang rove enc l osed area on the south side 
of Anclote River mouth between islands and north side 
of Sponge Harbor Point. 
Species List: 
Synodontidae 
Synodus foe tens 
Leiognathidae 
Eucinostomus ~ 
No. Collected 
17 
Length 
207 
!@ [~± 
H 
,... 
0 
50 70 
(mm) 
ci 
z LE NGTH (rrm) 
Co llection: 
Species List: 
Sciaen idae 
Leiostomus xanthurus 
Ba irdiella chrysura 
Cynoscion arenarius 
Sparidae 
Lagodon rhomboides 
Pomadasyidae 
Orthopristis chrysopterus 
Bo thidae 
Paralichthys albigutta 
Ancylopsetta guadrocellata 
Cynoglossidae 
Symphurus plagiusa 
No. Co llec ted 
12 
8 
9 
4 
1 
1 
'" ~
... 
a 
ci 
Z 
Length (mm) 
67 
~ 
50 70 90 110+ 
LENGTH (nun) 
58, 68, 73, 76, 
94,104,107,130 
57, 64, 66, 67, 73, 
75, 75, 78, 98 
62, 81, 91, 156 
134 
148 
111, 119 
Co llection: 8 
Date: 9/2/70 
Time! 1358-1408 
Location: 100 m off of radar station heading north parellel to shore. 
He thod : Otter trawl (lO-minute) 
Hydrographic Data: 
Depth (m) Temperature (oC) 
S 
o 
Remarks: 
Species List: 
H 
1 
B 
2 
Flood tide. 
S 
31.5 
H 
30.75 
B 
29.9 
No. Collected 
Sygnathidae 
Sygnathus floridae 
Sygnathus scovelli 
Leiognathidae 
Eucinostomus gula 
Eucinostomus~. (juveniles) 
Sciaenidae 
Bairdiella chrysura 
Cynosclon nebulosus 
1 
5 
2 
30 
27 
Air 
32 
Q 
~ 
... 
a 
ci 
z 
Sa linity (0/00) 
S 
33 .2 
M 
34.0 
B 
29.2 
Length (mm) 
130 
47,71,87,97,99 
45, 55 
l~ i I I I bfb 
20 40 60 80 
LENGTH (mm) 
33 
Co llec t ion : 8 
Species List: 
Name No . Collected Length {mm) 
Sparidae 40 r-
Lagodon rhomboides 92 
en 30 r--
.-> 
:"i 
'" ~ 
20 
> 
~ 
'" LO z Chn. ~ '" 5 -0 
0 40 60 80 LOO 120 
z 
LENGTH (mm) 
Calamus arctifrons 1 102 
Pomadasyidae 
Ortho2ristis chE,Yso2terus 1 68 
Labridae 
Lachnolaimus maximus 2 98, 104 
Tetradontidae 
SEhaeroides neEhelus 2 66, 68 
Diodontidae 
Chilomycterus schoeEfi 1 15 
1 , 
Co llect i on: 9 
Date: 9/2/70 
Time : 1513-1523 
Location: From intersection of line between }~rker 5 and Dutchman 
Key, and line between Anclote light and Marker 1 head-
ing towards Dutchman Key 
Me thod: Otte r trawl (IO-minute) 
Hydrographic Data : 
S 
0 
Remarks: 
Species List: 
DeEth {m) Tem2 erature {Oq Salinity 
M B S M B Air S 
2 3%. 31.0 30 . 0 29.8 34 . 4 
This location i s about one-half the distance from 
Marker 5 and Dutchman Key. 
M 
34.1 
{OLOO) 
B 
32 
No. Co llected Length {mm) 
Sphyrnidae 
SEhyrna tiburo 
Clupeidae 
Harengula pensacolae 
Engraulidae 
Anchoa mitchelli 
Carangidae 
Se lene vomer 
Chloroscombrus chrysurus 
Leiognathidae 
Eucinostomus gula 
2 
3 
• 
271 
105 
45, 50 
95 
50 
58, 73, 75 
.. 
Collection: 9 - Cont. 
Species List: 
Sciaenidae 
Leiostamus xanthurus 
Cynoscion arenarius 
Bairdiella chrysura 
Sparidae 
Lagodon rhomboides 
Archosargus probatocepbalus 
Pa.adasy:i:dae 
Orthopristis chrysopterus 
No . Collected 
2 
1 
3 
3 
1 
21 
Length (am) 
116, 124 
171 
131, 133, 144 
116, 118, 131 
135 
, 
;l~L 
. Ulb r=f=h 
o 80 100 120 140 160 
:z: LENGTH (_) 
Collection: 10 
Date! 9/3/70 
Location: 100 m east of North Key towing south. 
Method: trawl (lO-minute) 
Hydrographic Data: 
Depth (m) Temperature (OC) 
S 
o 
Species List: 
Synodontidae 
Synodus foe tens 
Sciaenidae 
B 
1 
Cynoscion nebulosus 
Bairdiella chrysura 
Sparidae 
Lagodon r homhoides 
S 
31.3 
M 
31.0 
B 
30.7 . 
No. Collec ted 
1 
2 
29 
119 
50 
40 
'" ~ 
e 
30 
> 
H 20 A 
:z: 
H 
'" 10 o · 5 
0 
:z: 
Air 
I-
50 
-
o 
:z: 
Salinity (0/00) 
S 
34.5 
M 
34 . 2 
B 
34.3 
Leng th (DID) 
140 
52, 53 
,.--, 
30 50 90 110 
LENGTH (DID) 
r--
rLn 
70 90 110 130 150 llO 
LENGTH (rrm) 
Co llecti on: 10 Cont . 
Species List: 
Pomadas yidae 
Orthopristis chryso pterus 
Blennidae 
Hypsoblennius hentzi 
Chasmodes saburrae 
Ephippidae 
Chaetod ipterus faber 
So leidae 
Achirus lineatus 
Balis t idae 
Stephanolepis hispidus 
Diodon t idae 
Chi l omycterus schoepfi 
, 
No. Co llected 
11 
ci 10 z 
"-
5 
0 
ci 
z 
Le ngth (nun) 
~ 
60 80 
LENGTH 
59 
57 
29 
38, 42 
100 
(mm) 
27, 35, 36 
31 
, 
Co llec t ion : 11 
Date : 9/3/70 
Location: Beach inside north end of Anc lote Key. 
flethod : Beach seine 
Hydrographic Data : Refer to hydrographic data for Collection 10. 
Species List: 
Cypr inodontidae 
Fundu l us simi li s 
Cyprinodon variegatus 
Atherinidae 
Nenidia bery llina 
Hugilidae 
Hugil trichodon 
No. Co llected 
13 
4 1 
4 
• 
Q 
::; 10 
t:5 5 
o 
z 
~ )0 
:3 ;20 
.... 
Q 
::; 10 
.... 
0 
ci 
z 
Length (mm) 
~ 
50 70 90 11 0 
LENGTH (mm) 
38,41,41,43,43, 
43,43,45,45 
71 
-
l-- h .. 
40 ·60 80 
LENGTH (mm) 
122,136,139, i41 
, 
Co llection: 11 
Species List: 
Car angidae 
Oligopl ites saurus 
Leiognathidae 
Eucinostomus argenteus 
No. Co llec ted Length (mm) 
2 57, 58 
5 42,49,50,50 , 52 
• 
Co llec t ion : 12 
Date: 9/3/70 
Location : One km northeast of No rth Key, towing east. 
Nethod: trawl (5 -m lnute) 
Hydrographic Data: 
Depth (m) Temperature (DC) 
S N B S N B 
0 1 1 ~ 30.25 30.25 30.25 
Remarks: Nixed grass and sand. 
Species List: 
No . Co llec ted 
Sciaenidae 
Baird iel la chrysura 
Sparidae 
Lagodon rhomboides 
Pomadasyidae 
Orthopristis chrysopterus 
Labr ldae 
Lachno laimus maximus 
Bali stidae 
Stephanolepis hisp idus 
Tetradontidae 
Sphaeroides nephe lus 
Diodontidae 
Chilomycterus schoepfi 
4 
4 
Sa linity (0/00) 
S 
36 .5 
N 
36.0 
B 
35.9 
Length (tran) 
71 
76, 132 
59, 65, 86, 164 
110 
55, 64, 67 , 77 
186 
205 
Collect ion : 13 
Date: 9/14/70 
Loeat ion : Anclo te River mouth, from north of Narke r 1 7 parallel 
to sho r e towards "Cut A" range - be hind no r t h islands . 
Method : Otter trawl (15-minute) 
Hydrographic Data: 
Depth (m) Temperature (oC ) 
S 
o 
Rema rks : 
Species List: 
fl S 
28.75 
M 
28 . 75 
Grass co ve red bottom; mud. 
B 
28 . 75 
No. Collected 
Dasyatidae 
Dasyatis sabina 
Gymnu ridae 
~ micrura 
Synodontidae 
Synodus foe tens 
Ba trachoididae 
Opsanus he ta 
Leiognathidae 
Eu c inostomus ~ 8 
Eucinostornus a rgenteus 4 
Eucinostomus ~ . (juven iles) 10 
Air 
30.0 
Sa l in ity (O/OO) 
S 
31. 8 
fl 
32.0 
Length 
B 
31. 8 
(mm) 
190, 210 
(l ength to anal 
140 
170 
165 
54, 58, 58, 
60, 63, 68, 
43, 46, 50, 
No data 
Collec tion: 13 
Speci e s List: 
No. Co llected 
Sciaenidae 
Bairdiella chrysura 9 
Cynoscion nebu losus 2 
Sparidae 
Archosargus probatocephalus 
Lagodon rhomboides 91 
fin) 
Pomadasy i dae 
Or thopris t is chrysopte rus 23 
59, 
78 60 
53 
40 
~ 30 
;3 
Q 
~ 20 
~ 10 
(:) 5 
a 
z 
80 
50 
Length (tmn) 
49, 52, 
65, 67 , 
40, 116 
49 
70 90 11 0 
LENGTH (rran) 
F'"l 
160 
54, 
70, 
LENGTH (mm) 
'. 
58, 59, 
78 
150 
F'"l 
220 
Collection: 14 
Date: 9/14/70 
Location: From IICut A" range northwest along sho re . 
Nethod: trawl (lO-minu t e) 
Hydrographic Data: 
Depth (m) Temperature (OC) 
Species List: 
S 
o 
B 
l~ 
S 
29.0 
~1 
29 .5 
B 
29.5 
N0. Co llec ted 
Synodontidae 
Synodus foe tens 
Syngnathidae 
Syngnathus floridae 
Leiognathidae 
Eucinostomus gula 
Eucinostomus!E . (juveniles) 
Serranidae 
Centropristes melanus 
Sciaenidae 
Cynoscion nebulosus 
Bairdiella chrysura 
· 2 
8 
38 
Salinity (0/00) 
S 
31.8 
N 
31.4 
B 
31.6 
Length (nun) 
275 
147, 148 
50 
124 
46,55,55,65, 
70,71,74,89 
~ 1~lrtr11 
o 30 50 70 90 
Z LE NGTH (mm) 
Collection: 14 
Spec ies List: 
Sparidae 
Lagodon rhomboides 
Pomadasyidae 
Orthopristis chrysopterus 
Labridae 
Lachnolaimus maximus 
Balistidae 
Stephanolepis hispidus 
Honacanthus ciliatus 
Tet radontidae 
Sphaeroides nephe1us 
No. Collected 
42 
.,; 
3 10 L 12 ""' 0 0 30 Z 
4 
til 
Length (mm) 
,.J 
ilL :3 e 20 :: '" 10 3 ""' 5 0 
0 50 70 90 
Z 
LENGTH (mm) 
dl----r, 
60 80 100 
LENGTH (mm) 
91,115,116,123 
76 
42 . . 
88 
160 
Collection: 15 
Date: 10/3/70 
Location: Beach, north of Harker 17, between house and road to Fl orida 
Power property. 
He thod: Beach seine 
Hydrographic Data: 
Species List: 
Cyprinodontidae 
Fundulus grandis 
Cyprinodon variegatus 
Carangidae 
Trachinotus falcatus 
(From physical data survey this date) 
No. Collec ted Length (mml 
ci 10 ;:: 5~ ... 0 
a 
z LENGTH (DIll) 
26 
40 
r-58 
oo ,.., 
:3 )0 
S 
> 20 ::; I-
~ 
... 10 
0 
5 
a 
z )0 50 
43 
Collection : 15 - Cont. 
Speci es List: 
Le iognath idae 
Eucinostomus gula 
Eucinostomus argenteus 
Sciaenidae 
Cynoscion nebulosus 
Leiostomus xanthurus 
Bairdiella chrysura 
No. Collected 
41 
50 
5 
83 
00 ,.., 
:3 
s 
> 
.... 
'" ;:: 
... 
0 
a 
z 
ci ;:: 
... 
0 
a 
z 
~ 
;3 
'" .... ;:: 
'" ;:: 
l:5 
a 
z 
Length (mml 
"UlL 10 5 
)0 50 70 
LENGTH (DIll) 
"UlL 10 5 
20 40 60 
LENGTH (DIll) 
78,81,86,89,114 
40 r-I-
30 
20 
10 
5 f-
60 80 100 
72 
Collection : 15 Cont. 
Species List: 
Sparidae 
Lagodon rhomboides 
Pomadasyidae 
Orthopristis chrysopterus 
Diodontidae 
Chilomyeterus schoepfi 
No . Collected 
19 
a 
:z: 
Leng th (tml) 
l~ldl 
60 80 
LENGTH (1IIIIl) 
78,80,83,90,94 
21 
Co llection: 16 
Date: 10/3/70 
Location: Beach north of radar station, near corner of road} 
halfway beo-een radio tower and canal below Bailey's Bluff. 
Hethod: Beach seine 
Hydrographic Data: 
Species List : 
Cyprinodontidae 
Cyprinodon variegatus 
Fundulus simi lis 
Carangidae 
Oligoplites ~ 
Leiognathidae 
Eucinostomus gula 
Eucinostomus argenteus 
(From physical data survery this date) 
No. Collected 
21 
32 
2 
31 
Length (om) 
15tn 10 
5 
a 
:z: 
)0 50 
LENGTH (_) 
"hIl ci ["; 10 g, 5 
0 50 70 90 :z: 
LENGTH (-) 
41, 48 
52 
1dlL '" [ ; 10 g, 5 
0 20 40 60 
:z: LENGTH (am) 
>-' 
U1 
N 
Collection : 17 
Date: 10/3/70 
Location: Beach south of river, oppos ite Harker 18 . 
Method: Beach seine 
Hydrographic Data: 
Species List: 
Mugi lidae 
Mugil trichodon 
Leiognathidae 
Eucinostomus gula 
Eucinostomus argenteus 
Sciaenidae 
Leiostomus xanthurus 
Sparidae 
Lagodon rhomboides 
Tetradontidae 
Sphaeroides nephelus 
(From physical data survey this date) 
No. Co llec ted 
24 
9 
9 
a 
z 
Length (mm) 
103 
50 70 
LENGTH (om) 
40,58,65,67,71, 
75,75,76,77 
76,78,79,82,83, 
84,84,86,94 
75 
17 
Collection: 18 
Date: 10/3/70 
Location: 200 m south of canal, north of radar station, at end of 
road north of The Cabbage. 
Nethod: Beach seine 
Hydrographic Data: 27.6°C (From physica l data survey this date) 
Species List: 
Synodon ti dae 
Synodus foe tens 
Leiognathidae 
Euc inostomus gula 
Eucinostomus argenteus 
Sparidae 
Calamus arctifrons 
No. Collected 
12 
9 
a 
z 
Length <om) 
128 
l~Ln 
50 70 
LENGTH <om) 
40,58,65,67,71, 
75,75,76,77 
112 
Collection: 19 
Date: 11/14/70 
Time: 0900 
Location : 90 m west of Sunset Beach, trawling north . 
Hethod: trawl (5-minute) 
Hydrographic Data: Temperature: 2l.50 C 
Salinity: 36.08 ppt . (Ref . I ndex 1.3397) 
Depth: 1 m 
Remarks: 
Species List: 
Wind SSW 5-8; 
grass bottom; 
Syngnathidae 
Syngathus floridae 
Hippocampus .!2. . 
Leiognathidae 
Eucinostomus gula 
Serranidae 
Centropristes melanus 
Diplectrum formosum 
l ~ hours after l ow tide; mud and 
two boats with otter trawls . 
No . Co llected 
2 
1 
3 
Length (nn) 
133, 144 
No lengths 
34, 54, 73 
50 
23 
:3 
Sparidae ~ 
"L Lagodon rhomboides 35 '" ..... > @ 10 ..... 5 ~ 
60 8U lUG 120 
0 (mm) Z LENGTH 
Calamus arctifrons 96 
Collection : 19 - C~nt. 
Species List: 
Pomadasyidae 
Orthopristis chrysopterus 
Balistidae 
Stephanolepis hispidus 
Tet radontidae 
Sphaeroides nephelus 
No. Co !lec ted 
9 
3 
Length (nn) 
73, 82, 84, 90, 
95, 96, 98, 100 , 
105 
21, 22, 40 
97 
Collection: 20 
Date: 11/14/70 
Time: 0935 
Location: No rth from line between water tower to south and little 
tree island and line between chemical plan t and light 
on Anclote Key. 
Method: trawl (5 -minu te) 
Hydrographic Data: Tempera ture : 21.80 C 
Salinity : 34 .47 ppt. (Ref. Index 1.3394) 
Depth: One m 
Remarks: Wind S-SSW at 5; heavy gras s bottom; two hours 
after low tide . 
Species Lis t: 
Synodontidae 
Synodus foe tens 
Batrachoididae 
Opsanus be ta 
Syngnathidae 
Syngnathus floridae 
Leiognathidae 
No. Co 11ec ted 
4 
Eucinostomus!£ . (juveniles) 
Serranidae 
Centropristes melanus 3 
Length (nun) 
201 
108 
140, 160, 185, 189 
115, 119, 124 
Co llec tion: 20 Cont . 
Species List: 
No. Collected 
Sciaenidae 
Cynoscion nebulosus 3 
Ba ird ie lla chrysura 
Sparidae 
Lagodon rhomboides 81 
Calamus arct ifrons 
Lutjanidae 
Lutjanus griseus 9 
Lutjanus sysnagris 
Pomadasyidae 
Orthopristis chrysopterus 3 
Haemulon plumieri 
Clinidae 
Parae linus marmoratu5 
" 
Length (!lID) 
36, 82, 188 
72, 84, 84, 86, 64, 
108, 138 
40 
-
en 
~30 
Q 
;;: 20 -
... 
Q 
Z 
rh ... 10 t:; 5 ~ 
0 50 70 90 110 130 z 
LENGTH (nun) 
137 
31, 34, 35, 41, 
45, 47, 50, 55, 82 
19, 21, 25, 27, 36 
77, 86, 86 
41, 51, 54, 55, 
57, 58, 79 
55 
Co llecti on : 20 Cont. 
Species List : 
Scaridae 
Ni cholsina ~ 
Balistidae 
S tephanolepis hispidus 
Monacanthus ciliatus 
Te tradontidae 
Spaeroides ne phelus 
Diodontidae 
Ch i10mycterus schoepf i 
No . Co llec ted 
16 ci 
z 
H 
.... 
0 
a 
z 
3 
10 
5 
Length (rom) 
42 
~ n 
10 30 50 70 
LENGTH (IIID) 
32, 35, 35, 56, 
57 , 58, 65 
159, 165 
70, 80, 80 
Co llection : 21 
Date : 11/14/70 
Time : 1040 
Location: Buoy 7x moving south towards Ha rke r 9. 
Hethod: trawl (5-minute) 
Hydrographic Data: Temp e rature : 21 . 80 C 
Salinity : 33.39 ppt . (Ref. Index 1.3392) 
Depth: 2-2 l; m 
Remarks: Wind S, 5- 8; s and bottom ; three hours afte r 
low tide; very turbid water. 
Spec ies List: 
C1upeidae 
Harengula pensacolae 
Opisthonema oglinum 
Synodontidae 
Synodus foe tens 
Sco rpaenidae 
Scorpaena brasiliensis 
Le iognathidae 
Eucinos tomus gula 
No. Co llec ted 
1 
4 
Length (..,,) 
82 
70, 75, 78, 95 
195 
46 
90 
Co llecti on: 21 Cont. 
Speci es List : 
Spar idae 
Lagodon rhomboides 
Pomadasyidae 
Orthopr is tis chrysopterus 
Balistidae 
Monacanth us ciliatus 
Stephanolepis hispidus 
Os t rae i idae 
Acanthostracion quadrico rnis 
Ko. Co llected 
57 
65 
2 
2 
o 
z 
Length (nun) 
U1 30 r-
.-l 
:3 
Cl 
> 20 I-
~ 10 
""' 
5 
0 C-
o 100 120 140 
z LENGTH (nun) 
:;~ 
80 100 120 140 
LENGT H (nun) 
52, 66 
40, 68 
162 
Co ll ect i on: 22 
Da te: 11 / 14/70 
Time: 1135 
Location : Be nchmark off Dutchman Key moving east t owards Harker 3. 
flet hod , trawl 
Hydrographic Data: 
(5 -minute) 
o 
Temperature: 22.1 C 
Salinity : 33.39 ppt. 
Depth: 1-2 m 
(Ref. Index 1. 3392) 
Remarks: No grass ; mud bottom; four hours after l ow tide . 
Species List: 
Le iognathidae 
Eucinostomus gula 
Sparidae 
Lagodon rhomboides 
Balistidae 
Stephano l e pis hispidus 
Te tradontidae 
Sphaeroides nephe 1us 
No. Co llected 
Cl 
12 ;::: 
~ 
0 
z 
Leng th (mm) 
83 
a 
90 110 130 
LENGTH (DIll) 
59 
88 
Collection: 23 
Date: 11/14/70 
Time: 1535 
Location: Beach inside north end of Anclot e Key . 
Method : Bag seine 
Hydrographic Data : Temperature: 23.00 C 
Sa linity: 32.85 ppt. (Ref. I ndex 1.3391) 
Remarks: 1% hours after high tide. 
Species List:. 
No . Collected 
,/ 
Dasyatidae 
Dasyatis sabina 
Belonidae 
Strongylura ~ 
Cyprinodontidae 
Cyprinodon variegatus 
Fundulus simi lis 
Syngnathidae 
Hippocampus ~. 
Triglidae 
Prionotus tribulus crassiceps 
4 
2 
Length (lIIIIl) 
183 
347, 351, 374, 376 
44,47,50,51,51 
55, 59 
20 
Collection: 23 Cont. 
Species List: 
Mugilidae 
)Iugil trichodon 
Mug it cepha1us 
Carangidae 
Oligoplites ~ 
Leiognathidae 
Eucinostomus gu1a 
Eucinostomus argenteus 
Sparidae 
Lagodon rhomboides 
No. Co 11ec ted 
31 
4 
2 
3 
2 
18 
9 
Length (mm) 
'" "~ ::5 10 ..... 5 
0 
ci 110 130 150 
z LENGTH (1mI) 
175,185,200,230 
135, 150 
80, 86, 88 
55, 68 
;1~b-d1 
o 
z 
40 60 80 
LENGTH (II1II) 
85, 87, 96, 97, 
100, 104, 105, 
110, 110 
Collection: 24 
Date: 11/14/70 
Time: 1600 
Location: Beach outside (gulfs ide) of north Anc10te Key. 
Method: Bag seine 
Remarks: Two hours after high t i de. 
Species List: 
Mugilidae 
Mugil cephalus 
Carangidae 
01igop1ites ~ 
No. Collected 
3 
Length (mm) 
295,301,310 
88 
Collection : 25 
Date: 11/14/70 
Time : 1708 
Location: Beach in front of radar s tation. 
Hethod : Bag seine 
Hydrographic Data: Temperature: 22.00 C 
Sa linity : 28.54 ppt . (Ref. I ndex 1.3383) 
Depth: ~ m 
Rema rks: Sandy bottom with some g rass and oysteT bars. 
Spec ies List : 
Synodont i dae 
Synodus foe tens 
Be10nidae 
StrongYlura ~ 
Ilemirarnphidae 
Hyporhamphus unifasciatus 
Hugilidae 
Hugil cepha1us 
Leiognathidae 
Eucinostomus gula 
Eucinostomus argenteus 
No. Co llec ted 
2 
Q 
24 ~ 
'" 0 
0 
z 
Length (mm) 
152 
320 
190 
200, 204 
1~~ 
50 70 90 
LENGTH (lID) 
59, 65, 70 
Co llect i on : 25 - Cont. 
Species List: 
Sparidae 
Di plodus holbrooki 
Lagodon rhomboides 
Calamus arctifrons 
Pomadasyi dae 
Orthoprist is chryso pte ru s 
Bo thidae 
Paralichthys albigutta 
No . Collected 
30 
2 
o 
z 
Length (rom) 
120 
::L 
70 90 110 130 
LENGTH (1JlI!I) 
146, 178 
95, 96, 97, 98, 
102 , 105, 109, 
114 , 116 
98 
Collection: 26 
Date: 11 / 14/70 
Time : 1700 
Locat ion : Beach opposite buoy 17 a t mouth of Anclote Rive r . 
(Same l ocation as Co llection 15) 
Hethod: Bag seine 
Hydrographic Data: Temperature: 24.00 C 
Salinity: 30 .15 ppt . 
Depth: !; m 
(Ref . Index 1. 3386) 
Remarks : Two seine hauls two hours before low ti de . 
Specie s List : 
Dasyatidae 
Dasyatis sabina 
Synodon tidae 
Synodus ~ 
Hugilidae 
HugH cephalus 
Leiognathidae 
Eucinostomus ~ 
Eucinos tomus argenteus 
No. Collected 
2 
48 
17 
Length (nnn) 
260 
162, 170 
310 
;:;lrDL 
z 40 60 80 
LENGTH (um) 
~ 10J~ 
f:5 5-w=l ~ 
o 20 40 60 80 
z 
LENGTH (mm) 
Collect ion: 26 Cont. 
Spec ies Lis t: 
Sci aenidae 
Sciaenops oce llatus 
Leiostomus xanthurus 
Spar idae 
Lagodon rhomboides 
Pomadasyidae 
Orthopr istis chrysopterus 
Tetradontidae 
Sphaeroides nephe 1us 
No. Co llected 
14 c:i 
::; 
u. 
0 
ci 
z 
103 
en 
..J 
:3 
e 
:: 
0 
::; 
u. 
0 
ci 
z 
Length <mm} 
317 
10 knlll 5 
70 90 110 130 
LENGTH (mm) 
50 r-
40 
30 
,--
20 
10 
5 
=1= -. In 
60 80 100 120 
LENGTH (mm) 
84, 87, 96, 98, 
100, 102, 111 
140 
140 
Co llection: 27 
Date : 11 / 14/70 
Location : Se ine tide trap across mouth of bayou opposite 
Ha rker 16 near mouth of Anclote Ri ve r . 
Nethod: Ba g seine 
Species List : 
Synodontidae 
Synodu5 foe tens 
~Iug i lidae 
flugil trichodon 
Le iognath idae 
Eucinostomus gu la 
Eucinostomus argenteus 
No. Co llected 
33 
10 
Length (mm) 
159, 172 
86, 89 
: ;:tJh 
~ 60 80 
LENGTH (rom) 
64, 71 , 74, 
82,. 82, 82, 
~ 30 ,--Sci aenidae Leiostomus xanthurus 50 :3 
0 
~ 20 
~ 10 f u. 5 11 0 
75, 
83, 
ci 
70 90 1)0 z LENGTH (mm 
Spar idae 
Lagodon rhomboides 104, 105 
D Loden t idae 
Chi lomyc terus schoepfi 34 
76, 
89 
Co llection: 28 
Date: 11/19/ 70 
Time: 0845 
Location: Re nchmark off Dutchman Key heading east towards Ha rker 3 . 
(S ame location as Co llection 22) 
~Ie thod: trawl (5 - mi nute) 
Hydrographic Da ta: Temperature: 15 .80 C 
Salinity : 29.62 pp t. (Ref. lndex 1.3385) 
Depth : 1-2 m 
Remarks: 
Species List: 
Sparidae 
Bottom covered with sparse g rass; two boats 
trawling; boat 1; 15m south of boat 2 . 
No. Co llected 
Lagodon rhomboides 29 
Length (nun) 
@
2
°bL 10 g, 5 
o 60 80 
Z LENGTH (rrm) 
Collection: 29 
Date: 11 / 19/70 
Time: 0910 
Location : From Harker 3, towing west toward Dutchman Key . 
Nethod: trawl (5 -minu te) 
Hydrographic Data : Temperature: 15.80 C 
Salinity: 33.93 ppt. (Ref. Index 1.3393) 
Depth: 2 - 3 m 
Remarks: Bottom mostly sand; two boats; boat 1 south 
of boat 2 ;20 to 30 meters. 
Species List: 
Syngathidae 
Syngnathus louisianae 
Leiognathidae 
Eucinostomus gu la 
Se rranidae 
Dip l ectrum formosum 
Sciaenidae 
Bairiella chrysura 
Pomadasyidae 
Orthoprist is chrysopterus 
No. Co 11ec ted 
9 
11 Q 
::s 
... 
0 
0 
Z 
Length (mm) 
198 
76 
83 
70,79,79,83,86, 
89,91,103, 145 
':~ 
70 90 110 
LENGTH (om) 
Co llect ion : 29 - Cont. 
Spe c ies List : 
No . Co llected Length (mm) 
Sparidae 
Lagodon rhomboi de s Cl 
':tn :s u. 0 
0 70 90 z 
16 
LE NG TH (1TIIl) 
Diodontidae 
Chilomycterus schoepfi 165 
Collection: 30 
Date : 1l/19/70 
Time : 0935 
Location: Narker 
Nethod: trawl 
Hydrographic Data: 
3 towing east. 
(5 -minute) 
Temperature: 15 . 80 C 
Salinity: 36.62 ppt. (Ref . Index 1.3398) 
Depth: 2 m 
Remarks: Two boats, boat 1; 20 meter south of boat 2; bottom 
mostly sand with some scattered grass. 
Species List : 
No . Collected Length (mm) 
Serranidae 
Centropristes melanus 83 
Pomadasyidae 
Orthopristis chrysopterus 62 
Co llection: 31 
Date: 11/19/70 
Time: 0950 
Locat ion: Sta ti o n pOint by aligning t-tarker 5 with ~tarker 1, 
(N-S axis); buoy 3 and radar station (E - \,) t ow-
ing from station point e ast t oward rad a r station . 
Method : trawl ( S-minute) 
Hydrographic Data: Depth: [l;-2 m 
Remarks: 
Species List: 
Two boats; boat 1;40 meters north of boat 2; 
patchy sand bottom. 
No. Collected 
Syngnathidae 
Syngnathus floridae 
Length (mm) 
Co llec t ion: 32 
Date : 11 /19/70 
Time : 1005 
Location: Station point a li gned witil Ba i l ey ' s Blu ff and Anc l ote 
Key light; buoy 3 and radar station; s li ght l y north -
east of Co llection 31 station, towing east . 
flethod: trawl (5-minute) 
Rema rks: ~o boats, boat 1; 25 meters south of boat 2 . 
Spec ies Lis t .: 
Syngathidae 
Syngnat hus floridae 
Leiognathidae 
Eucinostomus gula 
Sparidae 
Lagodon rh omboides 
Te t radon t idae 
Sphaero id es nephelus 
Diodontidae 
Chilomycterus .choepfi 
No . Co llected 
2 
5 
2 
Length 
66, 73 
71 
70 , 74, 
75, 87 
74 
78, 172 
(mm) 
74, 
Collection: 33 
Date: 11/19/70 
Time: 1037 
Location: 3/4 km off beach in front of radar station towing 
toward marker (center range mark) 
Method: trawl (61; minutes) 
Hydrographic Data: Temperature : 15.90 C 
1.3386 Ref . Index : 
Remarks: Two boats 
Species List: 
Synodontidae 
Synodus foetens 
Batrachoididae 
Opsanus beta 
Syngnathidae 
Hi ppocampus ~ . 
Syngnathus f10ridae 
Micrognathus crinigerus 
Syngnathus louisianae 
No. Collected 
1 
12 10 
NO. OF 5 
INDlVIDUALS l 
70 
Le ngth 
175 
48 
Fl Fl r=r=fl 
90 110 130 150 
LENGTH (mm) 
70 
260 
(mm) 
n r=l 
170 210 
Collection : 33 - Cant . 
Species List : 
Leiognathidae 
Eucinostomus gula 
Eucinostomus argenteus 
Sciaenidae 
Bairdie11a chrysura 
Cynoscion nebulosus 
Sparidae 
LaBodon rhomboides 
No. Collected 
10 
2 
12 
2 
34 
.,; 
z 
H 
.... 
a 
ci 
z 
Length (mm) 
28,29 ,30,35,37, 
42,42,43,44 , 45 
29, 30 
52, 60 
"Uh 10 5 
50 70 
LENGTH (nun) 
Collection: 33 Cont . 
Species List: 
Lutjanidae 
Lutjanus griseu5 
Pomadasyidae 
Haemulon plumieri 
Orthopristis chrysopterus 
Soleidae 
Achirus lineatus 
Balistidae 
Nonacanthus ciliatus 
Stephanolepis hispidus 
Tetradontidae 
Sphaeroides nephelus 
No. Collected Length (mm) 
51, 53 
3 48, 50, 51 
75,76,82,86,90 
20 
20 
3 29, 37, 40 
178 
Collection: 34 
Date: 11/19/70 
Time: 1210 
Location: 
He thod: 
From Harker 7X heading southest on line with Harker 9. 
(Entrance to intracoastal) 
trawl (5-minute) 
I:ydrographic Data: Temperature : 16 .40 C 
Remarks: 
Species List: 
Ralistidae 
Salinity: 32 . 31 ppt . (Ref. Index 1 . 3390) 
Depth: 2-2~ m · 
Two boats; incoming tidal flow, probably gulf water; 
high turbidity. 
No . Co llee ted Length (1IDIl) 
Stephanolepis hispidus 2 40, 42 
Collection: 35 
Date: 11/19/70 
Location: Star ting at Harke r 6 towing eas t . 
Method: trawl (5-minute) 
Remarks: One boat trawl 
Species List: 
Leiognathidae 
Eucinos tomus gula 
No. Co llected Length (rom) 
80 
Collec tion : 36 
Date: 11 / 19/70 
Location: Off Bailey's Blu ff; align red house on south side 
of canal wi th Marker 1, towing to wes t. 
Method: trawl (5-minute) 
Remar ks : One boat trawl 
Species List: 
No . Co llected Length (rom) 
Sc iaenidae 
Bairdie11a chrysura 1 72 
Sparidae 
Lagodon rhomboides 2 51, 68 
Diodontidae 
Chi10mycterus schoepfi 1 105 
Collec tion: 37 
Date: 11/19/70 
Location: Off canal behind Bailey 's Bluff heading t oward 
Anclote Key li ghthouse. 
Remarks: One boat trawl 
Species List: 
No . Collected 
Synodontidae 
Synodus foe tens 
Syngnathidae 
Syngnathus floridae 
Leiognathidae 
Eucinostomus~ . (juveniles) 
Eucinostomus gula 
Sparidae 
. Archosargus probatocephalus 
bagodon rhomboides 
Balis tidae 
Stephanolepis hispidus 
Diodontidae 
Chilomycterus schoepfi 
8 
2 
Length (tmn) 
193 
82 
27, 30, 30, 30, 
31, 35, 47, 49 
43 
71,76,77,80,81 
20 
40, 193 
Collect i on: 38 
Date: 11/14/70 
Time: 1330 
Location : Directly east of north key towing south. 
(S ame location as Collection 10) 
Hethod: trawl (5-minute) 
Hydrographic Data: Temp e rature: 17.30 C 
Salinity : 34.47 ppt. (Ref. Index 1.3394) 
Remarks: One boat trawl; bo ttom spars e l y covered with g rass. 
Species Lis t : 
Syngnathidae 
Syngnathus scovelli 
Sparidae 
Lagodon rhomboides 
Lutjanidae 
Lutjanus griseus 
Pomadasy idae 
Haemulon plumieri 
Blennidae 
Hypsoblennius hentzi 
Chasmodes saburrae 
Balistidae 
Honacanthus ciliatus 
Stephanolepis hispidus 
Tetradontidae 
Sphaeroides nephelus 
Ostraciidae 
Acanthostracion guadricornis 
No . Collected 
3 
4 
3 
2 
6 
Length (tmn) 
122, 124, 134 
60, 60, 62, 72 
42 
35 
60 
60 
33, 33, 38 
22,22,28,28, 
30,31,32 
13, 78 
15, 18, 19, 
23, 65, 106 
Collecti on : 39 
Da te : 11/19/ 70 
Locati on : One km due no r th of nor th key , no rth o f deep 
channe l t owing east. 
~lethod : trawl (5-.. i nut e) 
Hydrographic Data: Tempe rature: 17. 80 C 
Salini t y : 36 . 08 pp t. (Re f. [ndex 1. 3397) 
Remarks: One boat trawl; s a ndy bo t tom wi t h s he lls. 
Spec i es List: 
Syngnathidae 
Syngnathus floridae 
Sciaenidae 
Menticirrhus focaliger 
Balistidae 
Stephanolepis h ispidus 
No . Collected Leng th (nun) 
103, 125 
39 
29 
Co11ec t ion: 40 
Date : 11/19/70 
Loca tion : One km no rt heast o f no r th key t ow i ng east (east of 
Co lle c t i on 39). (S ame loca t ion a s Co llection 12) 
~lethod : trawl (5 -mi nute) 
Remarks: One boat trawl: gras sy bo t tom. 
Spec i e s Li st : 
Syngnathidae 
Syngnathus floridae 
Syngnathus scovelli 
Le i ognathidae 
Eucinostomus gula 
Sparidae 
Lagodon rhomboides 
Calamus arctifrons 
No . Collec t ed 
15 
26 
Leng th (nun) 
No l engths taken 
70 90 
LENGTH 
33, 35, 42 
76 , 88,91,96,119 
89 
Co llee t ion : 40 Cont. 
Species List : 
Lutjanidae 
Lut janus synagr is 
Pomadasyidae 
Haemu l on plumieri 
Bali stidae 
Stephano l ep is hisp i dus 
Tet radon tidae 
Sphaeroides ne phelus 
Diodon t idae 
Chi lomyc te r us schoepfi 
No . Co llec ted 
2 
11 
Length (mm) 
39, 41 
47 
~10~ 
..... 5 
t:; 
a 
z 
10 30 50 
LEN GTH (mm) 
207 
74 
Collection : 41 
Date : 11 / 19/70 
Location: From Harker 1 towing east toward Bai l ey ' s Blu ff. 
Hethod: trawl (5 -minute) 
Remarks : One boat trawl . 
Species List : 
No . Co llect ed Length (rnm) 
Sparidae 
Lagodon rhomboides 64, 65, 66, 73, 
76, 79, 80 
Ca lamus arctifrons 3 50, 81, 84 
Balistidae 
Stephanolepis hispidus 2 26 , 28 
Diodontidae 
Ch ilomycterus schoepfi 115 
Co llection: 42 
Date: 11/19/70 
Locat ion: South of island with single tree ; headi ng t oward 
island aligned with Harker 1. 
Method: trawl (S-minute) 
Remarks: ::me boat trawl 
Spec ies List: 
Syngnathidae 
Syngnathus f10ridae 
Leiognathidae 
Eucinostomus ~ 
Eucinostomus argenteus 
Serranidae 
CentroEristes melanus 
No . Collec ted 
Cl 
16 ~10~ g; 5 
0 60 80 (~~ z LENGTH 
Cl 
i'S 10 
12 
'" 0 
5 
ci 
z 
Length {mm) 
r==1 r==r:=l n 
140 160 180 200 
a 
20 40 
LENGTH (nun) 
30, 32, 33, 33, 
34, 34, 38 
122 
Co llec t ion: 43 
Date: 11/19/70 
Location: 90 meters wes t of Sunse t Beach towing NNW 
toward single tree island . 
Hethod : trawl (5-minute) 
Remarks: One boa t trawl 
Species List: 
Engraulidae 
Anchoa mitchelli 
Syngnathidae 
Syngnathus floridae 
Carangidae 
Ch loroscombrus chrysurus 
Leiognathidae 
Eucinostomus gu la 
Se rranidae 
Diplectrum formosum 
Sciaenidae 
Bairdiella chrysura 
No. Collec ted 
2 
2 
Length (mm) 
41, 42, 51 
100 
50 
37, 42 
64, 119 
81 
Co llection : 43 Cont. 
Specie s List: 
No . Co llected Length {om) 
Sparidae 
Lagodon rhomboides 
0 
tttL-26 :s 10 t.. 0 
0 60 80 100 
z LE NGTH (om) 
Pomadas y idae 
Orthoprist i s chrysopterus 83 
Balistidae 
Stephanolepis hispidus 3 26 , 28, 56 
Honacanthus ciliatus 34 
Diodontidae 
Chi lomycterus schoepfi 150 
APPE NDIX IIIF. Temperatur es , Zone s , Col l ec tions and Sampl ing methods _ S s eine 
ECOLOGICAL ZONES 
Temp era tur e 
Phas e (oC) 1 2 3 4 5 6 7 8 9 
, 
6-T 7- T 1-T 
27 - 32 11-S 12- T 10-T 9- T 8- T 13-T 2- 1 
-- 14- T 15-S 3-1 
16-S 17-S 4- T 
18-5 5-S 
21 - 24 24- S 23-S 22-T 21- T 25-8 19-T 26-S 
--
---
20- T 27-S 
29 - T 31- T 
15 - 18 39-T 28- T 30- T 32- 1 42-T 
-- --40-1 38- 1 34- T 33-T 43 - T 
35-T 36- T 
41-T 37-1 
